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P.«.v.«.  Dr.  E.  L. JBoye's    Hot    Springs.    Box    no, 

\     Sonoma  G>unty,  Cal. 

rHii.x.  H.^  JavfsD lPh£l^n    Bldg..    San    Francisco, 

(     Cal. 

r..,.  X.  Mr  La^.'^ence  H \  P^^'^j^  ^'"^  ^-  ^an  Francisco. 

(      Cal. 

r-T.  Mr    Charlfs  A.,  f.r.a.s Bayport.  Long  Island.  N.  Y. 

(128   W.   43d    St..    New    York, 
{Vi.  Ti«.  Miss  Ma«y (     N.  Y. 

Ri-  \K.  Rev.  J.  L..  S.J Santa  Clara.  Cal. 

Ri  H  *.i.*.>K.  Mr.  Daniel  S ^  2541    Hilgard    Ave.,    Berkeley, 

*      Cal. 
Chateau     Rosa     Bonheur.       By 
Thomery,    Seine    ct     Mame, 
France. 
R  •  i»>.  Mr.  E,  D Boiildcr  Creek,  Cal. 

X.  Hii  !>.  Mrv  E,  T I  ^908  Broadway,  San  Francisco, 

(     Cal. 

S,  «f  s  Prof.  F«u.E«iCK  H I  Solar    Observatory.     Pasadena. 

(     Cal. 
Si.«»Lf.  Rev.  Gto«r,E  M..  cs.p Newman  Hall.  Berkeley,  Cal. 

S »Nt«s.  Mr.  Mo«r,NN j  '•«>9   West   Lanvale   St..    Baiti- 

(      more,  Md. 

?i«\  Til.  Mr.  Wm.  H Femwald,  Berkeley.  Cal. 

Sn^w..  Prof.  M.  B..  F.i^A.s I  Director    of    Philadelphia    Ob- 

(      servatory,  Philadelphia,  Pa. 

r  Care  Middle  West  Utilities  Co., 

'- 't  V.  IB   Mr.  Geokce  Otis \      112  \V.  Adams  St.,  Chicago, 

(     111. 

^if^f.  ms.  Mr,  RtTWLPH  J  «400  Pacific  Ave.,  San  Francisco. 

(     Cal. 

<rs^nM.  Miss  Gettkl-de S  Wami  Springs,  Alameda  Coun- 

\     ty,  CaL 

<^- Tf«    Mr    D\NiFL  ^317    Bush    St.,    San    Francisco. 

i     CaL 

T%L»<r.  Mr.  C  F.  A.  Redwood  City.  Cal. 

T  4rL»oT,  AicTHOKY  S Mission  City,  B.  C. 

Ftm^LiY.  Prof.  S,  D JP-  O.   Box  815,  Sunford  Uni- 

(     versity.  Cal. 

T-  .  HLM.  Dr.  A.  S J  703  Van  Ness  Ave..  San  Fran- 

(     Cisco,  Cal. 

Ttt*Kim    Prof   R.  H  (Lick  Obser\'atory,  Mount  Ham- 
}     ilton.  CaL 

Tt  ixi».  Dr.  Abthur  B Montclair,  N.  J. 

V  tx  IsctH .  Mr.  Edward  H 9  F^st  71st  St.,  New  York,  N.  Y. 
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ViLLicER,  Dr.  W J  Care  of  Carl  Zeiss ;  z.  Hd.  Dr. 

I     M.  von  Rohr,  Jena.  Germany. 
Warner  &  Swasey  Co Cleveland,  Ohio. 

Weinek,  Prof.  Dr.  L J  Imperial    Observatory.    Prague, 

(     Austro-Hungaiy. 

White,  Mrs.  Elsie  Hedlev  J  209    West    Park    Ave.,    Valley 

I     City,  North  Dakota. 

Williams,  Mr.  H.  C i  M76  Washington  St.,  San  Fran- 

l     Cisco,  Cal. 

Young,  Mr.  R J  937   Missouri   St.,   Lawrence, 

I     Kan. 

ZiEL,  Mr.  F.  R J  607  Merchants  Exchange  BIdg., 

(     San  Francisco,  Cal. 


INSTITUTIONAL  MEMBERS. 

California  State  Library  Sacramento,  Cal. 

Daniel  Scholl  Observatory ^  Franklin  and  Marshall  College. 

(     Lancaster,  Pa. 

Field  Memorial  Observatory  {  Williams  College,  Williamstown, 

(      Mass. 
Free  Public  Library Worcester,  Mass. 

Imperial  Observatory }  University    of    St.    Petersburg, 

(     Russia. 
Library  of  the  Chabot  Observatory    Oakland,  Cal. 
Library  of  the  Leland  Stanford  Jr. 

University   Stanford  University,  Cal. 

Library  of  the  Lick  Observatory.  . .     Mount  Hamilton,  Cal. 

Library  of  the  Mechanics  Institute  1  99    Grove    St.,    San    Francisco, 

I     Cal. 

Library  of  Princeton  University  . .     Princeton,  N.  J. 

Library  of  St.  Ignatius  College....  S  221  i  Hayes  St.,  San  Francisco, 

(  Cal. 

Library  of  the  U.  S.  Military 

Academy   West  Point,  N.  Y. 

Library  of  the  University  of  Cali- 
fornia    Berkeley,  Cal. 

Library  of  the  University  of 

Illinois   University  Station.  Urbana,  111. 

Library  of  the  University  of  In- 
diana      Bloomington,  Indiana. 

Library  of  the  University  of  Mich- 
igan    Ann  Arbor,  Mich. 

Library  of  the  University  of  Penn- 
sylvania      Philadelphia,   Pa. 

Library  of  the   University  of 

Washington  Seattle,  Wash. 

Library  of  the  University  of  Sofia.  Sofia,  Bulgaria,  Europe. 

Library  of  Yale  University New  Haven,  Conn. 
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LiMABT  or  SwArrHMosE  CoLLiGE Swarthmofc,  Pa. 

LOKABY  or  THI   UnI\*E«SITY  OF  KAN- 
SAS       Lawrence,  Kas. 

LamzLL  O»$nrvAT0tY Flagstaff.  Ariz. 

Niw  Yo«K  PiMJC  LiWAiY J  476     5th     Ave..     New     York, 

c      N.  Y. 

0%KLA»D  Fbce  Public  Library Oakland,  Cal. 

ScATTU  PtTBJC  Library Seattle,  Wash. 

Sb  4TTrcK  Observatory  J  Dartmouth    College.     Hanover. 

(      N.  H. 
Smtth  Collisc  Library Northampton.  Mass. 

S-Kirrr  or  Amatcur  Astronomers..  U?  Mjasrnitzkaja,  Moscow, 

(     Russia. 
Tnr  A<rK>NOMO  5  Union    Observatory,    Johannes- 

(     berg,  Transvaal. 

Thi  John  CRfR.\R  Libr.\ry  Chicago.  III. 

The  Pm  u  Lirrary Boston,  Mass. 

The  Pl-ruc  Library Los  Angeles,  Cal. 

W^sHiNf-TON  University  Library  ..     St.  Louis,  Mo. 


COSSBVOHDUfO  INSTITUTIONS 

.\Aany.  New  York,  Dudley  Observatory. 

Areqntpa,  Peru,  Southern  Station,  Harvard  College  Observatory. 

.\ikgbcny.  Pennsylvania,  Allegheny  Observatory. 

Amagh,  Irebnd,  Armagh  Observatory. 

Bamberg,  Germany,  Rcmeis.-Stemwart. 

Berhn,  Germany,  KunigL  Astronomisches  Recheninstitut. 

Berbn,  Gemumy.  Kontgliche  Stemwarte. 

Brussels,  Belgium,  Bibliothcque  de  la  Societc  Beige  d*Astronomic,  27 

Muotasnc  de  la  Cour. 
Bn:««el%  Belgium,  Obscrvatoirc  Royal  de  Bclgique. 
Bruxellrt,  Belgium,  Societe  Beige  D*Astronomia. 
Cambridge,  England,  University  Observatory. 
Cape  Town,  Africa,  Royal  Observatory. 
Chn^tiania,  Norway,  Universitats- Stemwarte. 
Cacmnati,  Ohio.  Cincinnati  Observatory,  Station  O. 
CoJombta,  ^i^souri.  Laws  Observatory.  University  of  Missouri. 
Copeohagen,  Denmark,  Observatory. 
G-rdnha,  Argentine  Republic,  National  Observatory. 
I>jrpat,  Russia,  University  Observatory. 
IV  Mm,  Ireland,  Dunsink  Observatory. 
[Ksbhn.  Ireland,  Royal  I>ublin  Society. 
Rdmbargti,  Scotland,  Royal  Observatory. 
Grne^a.  Switzerland,  Observatoire. 
Gh^fow,  Scotland.  University  Observatory. 
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Gotha,  Germany,  Herzogliche  Sternwarte. 

Gottingen,  Germany,  Konigliche  Sternwarte. 

Greenwich,  England,  Royal  Observatory. 

Hamburg,  Germany,  Hamburger  Sternwarte. 

Heidelberg,  Germany,  Astrometrische  Abteilung  der  Grossherzoglichen 

Sternwarte. 
Heidelberg,  Germany,  Astrophysikalische  Abteilung  der  Grossherzog- 

lichen  Sternwarte. 
Helsingfors,  Russia,  University  Observatory. 
Helwan,  Egypt,  Khedivial  Observatory. 
Hiram,  Ohio,  Observatory  of  Hiram  College. 
Kasan,  Russia,  University  Astronomical  Observatory. 
Kiel,  Germany,  Universitats- Sternwarte, 
Kodaikanal,  Palani  Hills,  South  India,  Observatory. 
Koenigsberg,  in  Pr.,  Germany,  Konigliche  Sternwarte. 
La  Plata,  Argentine  Republic,  Observatory. 
Leipsic,  Germany,  Universitats-Stemwarte. 
Leyden,  Holland,  Universitats-Sternwarte. 
Lisbon   (Tapada),  Portugal,  Real  Observatorio. 
London,   England,   British   Astronomical   Association,   care   of  F.    W. 

Levander,  30  North  Villas,  Camden  Square,  N.  W. 
London,  England,  British  Museum. 
London,  England,  Royal  Astronomical  Society. 

London,  England,  The  Nautical  Almanac,  3  Verulam  Bldgs.,  Gray's  Inn. 
Lund,  Sweden,  University  Observatory. 
Madison,  Wisconsin,  Washburn  Observatory. 
Madrid,  Spain,  Observatorio  Astronomico. 
Marseilles,  France,  Observatoire. 
Melbourne,  Victoria,  Observatory. 
Milan,  Italy,  Osservatorio  Astronomico  di  Brera. 
Moscow,  Russia,  University  Observatory. 
Moscou-Kasan,  Russia,  Observatoire  Engelhardt,  Station  Observatoria, 

Ligne  du  Chemin  de  Fer. 
Munich,  Germany,  Konigliche  Sternwarte. 
Naples,  Italy,  Osservatorio  Astronomico. 
New  Haven,  Connecticut,  Yale  University  Observatorj'. 
New  York,  New  York,  Columbia  University  Observatory. 
Nice,  France,  Observatorie. 
Northfield,  Minnesota,  Goodsell  Observatory. 
Oxford,  England,  Radcliffe  Observatory. 
Oxford,  England,  University  Observatory. 
Padua,  Italy,  Osservatorio  Astronomico. 
Paris,  France,  Bureau  des  Longitudes. 
Paris,  France,  Observatoire  National. 

Paris,  France,  Rue  Cassini  16,  Societe  Astronomique  de  France. 
Paris,  France,  Societe  Francaise  de  Physique,  41  Rue  de  Rennes  (VI«). 
Potsdam,  Germany,  Astrophysikalisches  Observatorium. 
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Vr^fCQt,  Aii^tro-Hiingar>'t  Universitats-Stemwartc. 

Pilki>wa,  Ru^via,  Imperial  Observatory. 

Rio  <fe  Janeiro,  Brazil,  Observatory. 

R«  ene,  Itah,  O^serxatorio  Astronomico  del  Collegio  Romano. 

R««De.  Italy.  Specub  Vaticana. 

5an  Kranci*co,  California,  California  Academy  of  Sciences. 

Sin  Franci'^co,  California,  Technical  Society  of  the  Pacific  Coast. 

Stanford  University,  California,  The  Seismological  Society  of  America. 

Sti  ickhi  •Im,  Sweden,  University  Observatory. 

>tra*slj*irK.  Germany,  Universitats-Sternwarte. 

>>iJn<7.  Nem-  South  Wales,  Observatory. 

Tie  i'^.>j.  Mexico.  Obscrvatorio  Astronomico  Nacional. 

T<4lio,  Japan,  University  Observatory. 

Ti'ftinto   Canada.  Astronomical  and  Physical  Society  of  Toronto. 

I .  .r»i  t^a,  Sivain,  OI>ser\*atorio  del  Ebro. 

li-uKr.:*^,  France,  Obser\'atoire. 

T  -inn,  Italy,  0<ser\'atorio  Astronomico. 

U-i\crMty  Park,  Colorado,  Chambcrlin  Observatory. 

I  mcrsity  of  Virginia,  Virginia,  McCormick  Observatory. 

I  ;»|wr  I)arti>-.  Pennsylvania,  Flower  Observatory,  University  of  Penn- 

*)  Ivania. 
I'pvaU,  Sweden.  University  Observatory. 
L'trccht,  Holland,  Observatory. 
Viemia,  AuMria,  K.  K.  Stemwarte. 

Vienna  (Ottakring),  Austria,  Von  Kuffncrsche  Sternwarte. 
Washington,  D.  C,  Library  of  Congress,  Periodical  Division. 
Washington,  I).  C.  National  Academy  of  Sciences. 
Washington,  I).  C,  Nautical  Almanac,  U.  S.  Naval  Office. 
Washington,  D.  C ,  Naval  Observatory. 
Wa*hingt*m,  D.  C,  Smithsonian  Institution. 
W  a^hington,  IX  C ,  Smithsonian  Institution,  Bureau  of  International  Cat- 

akigue  of  Scientific  Literature. 
Washington,  I).  C.  U.  S.  Coast  and  Geodetic  Survey. 
W  tlUaxn«  Bay.  Wisconsin,  Yerkes  Observatory. 
Z  inch,  Switzerland,  Observatory. 

BXCHANOB8. 

Mr   F,  AirnrsHou*,  Director  of  Treptow  Sternwarte.  Berlin,  Germany. 

<rt.^r\atorio   .Vslronomico  de  Cartuja,  Granada,   Spain. 

pTTjf    L   Pi-\iK.\.  Nizbor  Observatory,  Bohemia. 

Prof    Dr    H    J.  Klein,    Editor    of    Sinus,    Theresien    St.,    85,    Koln- 

Lindenthal.  Germany. 
i»a:ftte  Astronomiqur,  Societc  d* Astronomic  d'Auvers,  Rue  Pyckc  55, 

Antwerp.   Belgium. 
Astr*>fkyricot  Journal,  Williams  Bay,  Wi«iconsin. 
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Popular  Astronomy,  Northfield,  Minn. 

The  Observatory,  Greenwich,  England. 

Revista  di  Astronomia,  Societa  Astronomica  Italiana,  Turin,  Italy. 

Orion,  Strada  Rosea  No.  3,  Bucarest,  Roumania. 

Journal  Astronomique,  Observatoire  de  Lille,  Hem,  France. 

Astronomia  Popolare,  Palazo  Madama,  Turin,  Italy. 

Societa  Astronomica  Italiana,  Rue  Maria  Vittoria  23,  Turin,  Italy. 

The  Journal  of  the  British  Astronomical  Association,  care  of  F.  W. 

Levander,    30    North    Villas,    Camden    Square,    N.    W.,    London, 

England. 
Monthly  Notices,  Royal  Astronomical  Society,  London,  England. 
American  Mathematical  Society,  501  West  ii6th  St.,  New  York,  N.  Y. 
Societa  degli  Spettroscopisti  Italiani,  Catania,  Italy. 
Sociedad  Oenfti6ca  ''hmtamo  Akate,"  Mesdco,  Modco. 
Solar  Observatory,  Mount  Wilson,  via  Pasadena,  Cal. 
American  Philosophical  Society,  105  South  Fifth  St.,  Philadelphia,  Pa. 
Harvard  College  Observatory,  Cambridge,  Massachusetts. 
The  Monthly  Evening  Star  Map,  150  Nassau  St.,  New  York,  N.  Y. 
The  Astronomical  Herald,  Tokyo,  Japan. 
Publications  of  Pomona  College,  Claremont,  Cal. 
The  Astronomical  Journal,  Albany,  N.  Y. 
Journal  de  Physique,  5  Rue  de  la  Sante  (13*),  Paris,  France. 
Journal  of  the   Royal  Astronomical   Society  of   Canada,    198  College 

Street,  Toronto,  Canada. 
Cicl  ct  Tcrrc,  24  Avenue  des  Villas,  Bruxelles,  Belgium. 
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VDDRESS    OF    THE    RETIRING    PRESIDENT    OF 

THE  SCKTETY,  IN  AWARDING  THE  BRUCE 

MEDAL  TO  PROFESSOR  J.  C  KAPTEYN. 


Bv  WtxoL  D.  Cnrns. 


AiDcrican>  are  firm  believers  in  all  that  is  implied  in  the 
cxprcssioiv  "the  man  behind  the  gun,"  and  none  of  us  are 
inclined  to  deny  that  the  man  is,  in  general,  more  important 
than  his  equipment.  But,  while  always  ready  to  admit  the 
truth  of  this  familiar  phrase,  it  must  be  said  that  we,  as  a 
pc<>f>le,  are  ver\'  prone  to  be  dazzled  by  mere  bigness ;  we  are 
ti*)  apt  to  feel  that  our  universities  are  necessarily  great  merely 
liecause  of  the  great  numbers  of  students  which  many  of  them 
have ;  that  our  laboratories  are  necessarily  world-famed  because 
*»f  the  magnificence  of  their  equipments.  Holland  is  not  a  large 
c*mjntr)'.  It  possesses  four  universities ;  we  have  in  America  at 
!ea**t  half  a  <lozen  universities,  each  of  which  has  more  students, 
and  perhaps  more  buildings  and  equipment,  than  all  four  of 
H(>llan<!*s  universities  taken  together.  But  a  casual  survey 
«»f  the  faculty  lists  of  these  four  Dutch  universities  shows  a 
striking  number  of  world-famous  names  in  certain  fields  of 
science ;  it  is  doubtful  if  we  could  pick  out  in  four  great 
American  universities  an  equal  number  of  men  who  could 
take  rank  with  such  names  as  Lorentz,  Kammerijngh- 
<  )NXEs,  De  X'ries,  Van  der  Waals,  or  Zeeman. 

The  popular  idea  of  an  astronomer  is  that  of  a  man  whose 
»«»rk  is  entirely  at  night  time,  with  a  telescope;  the  larger 
the  tcle^icope,  the  greater  the  astronomer;  a  point  of  view 
which  is  ver>-  far  from  representing  the  whole  truth.  Observa- 
ti«inN.  by  themselves,  unless  properly  studied  and  subjected  to 
calculation,  are  not  of  very  g^reat  value,  and  in  most  lines  of 
aNtmnomical  work  sufficient  observations  can  be  secured  in 
•  ■oe  night  to  keep  the  observer  busy  for  a  week  at  his  desk. 
Naturally,  without  the  observations  which  form  its  foundation. 
there  could  properly  be  no  astronomical  science  as  we  know 
it,  but  there  is  also  the  need  for  keen  minds  to  piece  together 
awl  arrange  in  order  the  facts  collected  by  observation  from 
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tbe  millions  of  separate  units  which  form  our  universe,  to 
study  the  greater  equations  of  our  cosmos.  The  Bruce  Medal, 
which  is  bestowed  by  the  Astronomical  Society  of  the  Pacific 
for  distinguished  services  to  astronomy,  has  now  been  awarded 
to  ten  famous  astronomers,  and  it  is  worthy  of  note  that  four 
of  the  ten  might  properly  be  termed  astronomers  without  a 
telescope,  men  who,  at  the  time  of  their  greatest  work,  seldom 
or  never  looked  through  a  telescope.  One  of  these,  a  world- 
famous  mathematical  astronomer,  once  said  jokingly  that  he 
was  rather  doubtful  whether  he  would  be  able  to  pick  out  the 
correct  end  of  a  telescope  to  look  through. 

The  University  of  Groningen,  Holland,  is  the  smallest  of  the 
four  Dutch  universities;  its  students  number  about  five  hun- 
dred. In  a  few  rooms  of  a  building  in  this  city  is  located  the 
Astronomical  Laboratory  of  Groningen,  a  department  whose 
annual  stipend  from  the  university  in  1906  was  only  about 
$1,000  a  year.  It  is  in  truth  an  observatory  without  a  tele- 
scope ;  its  only  instruments  are  three  microscopes  for  measuring 
photographic  star  plates.  Modest  as  is  the  equipment,  the 
Publications  of  the  Astronomical  Laboratory  at  Groningen 
are  well  and  favorably  known  to  astronomers  the  world  over. 
Professor  J.  C.  Kapteyn  is  the  director  of  this  Astronomical 
Laboratory,  and  in  connection  with  the  bestowal  of  the  Bruce 
Medal  of  the  Astronomical  Society  of  the  Pacific  upon  Pro- 
fessor Kapteyn,  it  will  be  of  interest  to  review  briefly  some 
points  of  the  work  which  has  been  accomplished  by  this 
astronomer,  with  very  modest  equipment  and  resources. 

It  has  been  said  that  the  perfectly  pure  note  of  a  fine  violin  or 
the  voice  of  a  great  singer  can  always  be  easily  heard  above  the 
complex  of  sounds  given  by  the  greatest  accompanying  orches- 
tra, and,  similarly,  a  life  devoted  solely  and  purely  to  one  ideal 
is  pretty  certain  to  make  itself  felt.  I  can  give  you  to-night 
no  better  idea  of  the  devotion  to  astronomical  science  which 
has  always  characterized  our  medalist  than  to  quote  some  pas- 
sages of  the  correspondence  which  passed  between  Professor 
Kapteyn  and  Sir  David  Gill  in  connection  with  the  great 
Photographic  Durchmusterung  of  the  Observatory  of  the  Cape 
of  Good  Hope. 

This  was  nearly  thirty  years  ago,  and  the  possibilities  of  the 
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ph* -tographic  plate  as  a  means  of  mapping  of  the  stars  of  the 
sky  were  just  being  realized.  Sir  David  Gill  was  anxious  to 
aj>f>Iy  thii  new  photographic  method  to  the  charting  of  the  stars 
*»f  the  southern  heavens;  while  the  Cape  Observatory  had  suf- 
bcirnt  funds  to  provide  for  taking  the  photographic  plates 
which  should  cover  the  entire  sky  from  declination  — 19°  to 
the  South  I^ole,  there  was  no  money  available  to  provide  for 
the  tremendous  task  of  measuring  and  reducing  the  star  images 
■  -n  theMr  plates.  The  final  catalogue  contains  more  than  450.000 
<tar*. 

It  was  at  this  juncture  that  Professor  Kapteyn  offered  his 
help  I  will  here  quote  some  extracts  from  his  letter  to  Sir 
I) win  (jill: — 

I  hj\c  «.till  to  explain  to  you  the  proposal  in  my  former  letter,  which 
I  th'-jjfht  it  better  not  to  postpone — my  resolution  *  being  taken.  In 
«;  -inn  ihii  yim  will  excuse  me  for  premising  so  much  about  my  private 
nrrumstances  as  seems  necessary  for  the  purpose. 

In  the  year  1878  I  was  appointed  Professor  of  Astroqomy  and  Thco- 
'ftical  Mechanics  at  the  University  of  Groningen,  having  been  before, 
il  irirnf  a  oHiple  of  years,  obser\er  at  the  Leiden  Observatory.    Directly 

•  -n  my  appfHntment  I  proposed  to  the  government  to  fit  out  a  little 
t.*'^r\'ai«>r?'    .    .    .   Perhaps  I  shall  succeed  after  some  years  in  getting 

•  ne  or  two  instruments  with  which  truly  scientific  work  may  be  prose- 
ojtc*!;  but  at  all  e%-ents  a  very  long  time  will  have  to  elapse  before  any 
*-.:ch  rrsuh  may  be  looked  for.  The  first  years  of  my  professorship 
'  -Kx  pavM^d,  my  lectures  left  me  considerable  leisure,  which  it  has  always 
^«xn  my  dc*ire  to  devote  to  astronomical  observations.  .  .  .  Now,  after 
\t.-:r  Micccv*  in  stellar  photography,  and  especially  after  your  letter  in 
«hK-h  \<n\  tell  me,  **I  am  obliged  to  crave  help  where  I  can  get  it.'*  it 
^i»  f<-oirred  to  me  that  by  measuring  and  reducing  your  photographs 
I  cyqM  contribute  very  effectually  toward  the  success  of  an  enormous 
*nd  eminently  useful  undertaking.  Since  then  1  have  revolved  the  idea 
"1  wr\  mimi  and  I  have  come  to  the  conclusion  that  if  you  will  let  me, 
•-♦l  if  I  can  secure  the  necessary  help,  there  is  no  one  in  better  condi- 
r^in  to  undertake  this  work  than  myself.  .    .    . 

I  hue  kept  this  letter  here  some  days  to  talk  the  matter  of  the 
PV.  •  tn^phic  Durchmustening  over  with  Professor  Bakhvuzen  and 
hi-*  ItnHhcr.  I  am  bound  to  say  that  they  were  not  very  enthu^iiastic 
«ner  the  matter;  cif  course,  they  thought  the  results,  once  reachetl,  of 
muimi^  value,  but  the  dnjdger>*  to  be  gone  through  before  the<;c  rc- 

•  :hs  are  once  got  into  the  form  of  a  catalogue  is  almost  unbearable. 
H'iwner,  I  think  my  enthusiasm  for  the  matter  will  be  equal  to  (say) 
%ix  Of  seven  rears  of  such  work.   .   .    . 
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The  three  great  volumes  of  the  Cape  Photographic  Durch- 
musterung  to-day  form  a  worthy  memorial  to  Professor  Kap- 
teyn's  single-hearted  devotion  to  his  chosen  life  work.  An 
astronomer  without  instruments,  he  did  not  let  this  lack  keep 
him  from  the  attempt  to  do  valuable  work  wherever  he  could 
find  it  to  do.  It  was  not  a  class  of  work  affording  the  same 
vivid  interest  to  the  investigator  as  that  which  is  given  by 
many  other  lines  of  research-;  it  was  in  no  sense  popular,  in  the 
common  acceptance  of  that  term,  but  hard,  monotonous  routine. 
The  completed  work  took  over  twelve  years  instead  of  the  six 
or  seven  which  Kapteyn  had  anticipated;  the  two  rooms  in 
which  the  work  was  carried  on  were  loaned  to  Professor 
Kapteyn  by  a  fellow  professor  at  Groningen,  so  that  the  Cape 
Photographic  Durchmusterung,  strange  as  it  may  sound,  as 
far  as  the  catalogue  is  concerned,  may  be  said  to  have  ema- 
nated from  the  Physiological  Laboratory  at  Groningen. 

Like  every  other  science  and  every  other  occupation,  the  science 
of  astronomy^  is  to-day  highly  specialized.  It  has  been  stated 
that  the  death  of  the  great  mathematician  Sylvester  marked 
the  passing  of  the  last  man  who  could  be  said  to  be  truly  an 
authority  in  every  branch  of  the  mathematics  of  his  day,  and 
no  mathematician  to-day  pretends  to  be  thoroughly  conversant 
with  more  than  one  or  two  fields  of  this  vast  and  complex 
science.  The  case  in  astronomy  is  much  the  same.  The  modern 
astronomer,  frequently  an  entire  observatory,  to-day  devotes 
energy  to  one  rather  narrowly  limited  field,  and  attempts  few 
observations  on  other  fields.  To  illustrate:  At  the  start  the 
Lick  Observatory  took  daily  photographs  of  the  Sun,  but  dis- 
continued tHis  about  ten  years  ago,  and  the  photoheliograph 
has  since  been  dismounted,  solely  for  the  reason  that  the  same 
work  was  being  done  at  other  observatories  with  equal  or 
more  powerful  equipments,  and  it  seemed  wiser  to  expend  our 
efforts  on  lines  of  work  which  could  be  better  done  here  than 
elsewhere,  and  to  avoid  useless  duplication. 

There  is,  however,  one  greater  aspect  of  the  subject  as  a 
whole  toward  which  all  astronomers  are  more  or  less  indirectly 
working,  an  astronomy  into  which  some  day  all  the  results 
from  the  lesser  divisions  of  this  science  will  finally  fit.  each 
fragment  of  knowledge  gained  by  minute  specialization  tend- 
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in|f  to  form  a  harmonious  whole,  a  perfect  pattern.  In  this 
j^reater  field  arc  combined  our  studies  as  to  the  nature  and  size 
of  oar  stellar  universe,  its  past,  and  future  history. 

How  large  is  this  universe  of  stars  in  which  our  Sun  forms 
so  incoaspicuous  a  unit?  Is  it  finite  or  infinite?  Is  there  some 
plan  onderiying  the  whole,  or  is  the  arrangement  of  these  mil- 
lions of  separate  units  merely  a  haphazard  one  ?  How  has  our 
nntverse  attained  its  present  form,  and  what  can  we  say  of  its 
probable  future  history  ?  All  these  form  a  part  of  the  greater 
<|ue5tions  which  astronomy  is  trying  to  answer,  and  toward 
the  correct  answer  to  these  questions  are  directed  all  the  minute 
researches  on  this  or  that  star,  the  observations  made  with  hun- 
dreds of  telescopes,  the  mathematical  researches,  the  dry  bones 
of  statistics,  which,  to  the  lay  mind,  seem  so  far  removed  from 
the  interesting  observations  and  speculations  which  make 
a^trtwKNny  so  popular  a  subject.  Astronomy  has  not  yet  an- 
••m-ered  all  these  greater  questions,  and  perhaps  may  never  be 
able  to  answer  them  fully. 

It  i"*  in  the  study  of  some  of  these  greater  problems  of  our 
•stellar  universe  that  Professor  Kapteyn  has  done  much  of  his 
m»-Kt  valuable  work.  His  observatory  has  been  his  desk  and 
a  nvwn  fitted  with  instruments  for  measuring  photographic 
[»late< :  his  subject-matter  photographic  plates  and  observations 
t»f  star  positions  made  by  other  astronomers;  his  tools  the 
methods  of  mathematical  analysis. 

A  great  deal  of  our  medallist's  most  valuable  work  has  been 
m  the  field  of  stellar  motions ;  it  is  not  easy  to  give  many  of 
the  details  of  these  researches  or  to  indicate  the  full  measure  of 
their  difficulty  without  introducing  technicalities  of  little  inter- 
est tt)  the  general  reader.  However,  a  few  simple  comparisons 
may  perhaps  be  of  service  in  indicating  the  minuteness  of  the 
data  which  form  the  subject-matter  of  such  researches,  investi- 
gati^ms  to  which  each  advance  in  our  astronomical  knowledge 
v«rm«.  to  ad<l  new  complexities.  The  workings  of  the  law  of 
gravitation,  as  exemplified  in  our  solar  system,  are  now  so  well 
kfKmn  that  it  is  not  a  very  difficult  task  for  the  astronomer  to 
tell  <|utte  accurately  in  what  part  of  the  sk>'  a  given  planet  was 
at  a  certain  date  one  thousand  years  ago.  or  where  it  will  be 
itnc  ih<ni<and  years  from  now.    But  there  is  no  such  apparent 
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regularity  in  the  phenomena  of  our  stellar  universe.  The  small 
proper  motions  of  the  stars  appear  at  first  sight  to  be  entirely 
at  random.  We  know  from  the  spectrograph  that  the  radial 
motions  may  average  five  to  ten  miles  in  every  second  of  time, 
but  the  distances  are  so  inconceivably  great  that  actual  move- 
ments amounting  to  billions  of  miles  will,  in  general,  change 
their  apparent  positions  in  the  sky  by  amounts  almost  too  small 
to  measure.  To  illustrate:  If  we,  in  San  Francisco,  were  able 
with  our  telescopes  to  see  a  man  in  Los  Angeles,  and  that  man 
were  to  move  a  distance  of  ten  feet  in  one  year's  time,  it  would 
appear  to  us  that  this  motion  was  inconceivably  slow,  and  im- 
possible of  detection.  This  would,  however,  be  a  very  large 
"proper  motion*'  as  compared  with  the  actual  movements  of 
the  stars;  in  fact,  there  are  only  about  one  hundred  stars 
known  which  would  move,  in  one  year,  over  a  space  in  the  sky 
which  would  look  as  large  as  ten  feet  would  in  the  distance 
4rom  San  Francisco  to  Los  Angeles.  For  the  average  naked- 
«ye  star  the  motion  across  our  line  of  vision  would  correspond 
more  nearly  to  about  six  inches  a  year  when  seen  at  this  dis- 
tance. Impossible  to  measure  with  any  telescope,  you  may  say. 
This  is  true,  if  we  were  to  try  to  measure  only  the  six  inches 
moved  by  our  hypothetical  Los  Angeleno  in  one  year,  but  in 
one  hundred  years  the  accumulated  effect  would  amount  to  fifty 
feet,  still  a  very  small  quantity,  but  possible  to  detect.  So  with 
the  minute  proper  motions  of  the  stars ;  imperceptible  in  most 
cases  in  a  year*s  time,  these  motions  come  within  the  reach  of 
our  measuring  instruments  when  sufficient  time  has  elapsed. 
So  it  turns  out,  that  for  the  solution  of  some  of  the  questions 
as  to  the  size  of  our  universe  and  the  motions  of  the  stars 
which  form  it,  carefully  made  old  observations  of  a  star's  posi- 
tion become  very  valuable.  The  patient  astronomers,  who.  for 
one  hundred  and  fifty  years  past,  have  carefully  observed  the 
accurate  positions  of  the  stars,  builded  better  than  they  knew ; 
their  observations  will  never  entirely  lose  their  value,  though 
few  of  these  observers  doubtless  dreamed  of  the  precise  way 
in  which  their  dry  routine  of  observation  would  help  in  solving 
the  problems  of  a  hundred  years  in  the  future.  These  minute 
proper  motions  will,  after  a  great  lapse  of  time,  completely 
change  the  aspect  of  certain  constellations  as  we  know  them 
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•  T*  I'ivc  stars  of  the  familiar  Big  Dipper  are  moving  in  one 
:: rectum  in  common,  while  the  other  two  are  moving  toward 

i  Ijffrrcm  frart  of  the  sky ;  so  it  is  that  an  observer  two  hundred 
!*  aisami  \ears  ago.  or  one  two  hundred  thousand  years  from 
I  w.  ufnild  !*x>k  in  vain  for  this  familiar  configuration  of  stars 
a-  ue  sec  it  to-day. 

The  problem  of  finding  the  laws  governing  these  apparently 
hapliazanl  an<l  ver\'  minute  motions  is  a  very  complicated  one; 
:T  i^  much  as  though  we  had  set  before  us  the  problem  of  de- 
trnnining  the  law  governing  the  arrangement  and  movements 

t  a  large  swarm  of  gnats  or  fireflies. 
\t  present  we  know  with  considerable  accuracy  the  minute 
("'••i*er  nxnions  across  our  line  of  vision  for  several  thousand 
^tars,  and  one  of  the  greater  questions  which  astronomy  must 
answer  in  its  attempt  to  portray  the  size  and  structure  of  this 
:inncr'^  of  stars  is  whether  any  law  governs  these  apparently 
rand<im  movements.  This  is  the  field  in  which  Professor 
KvntY.v  has  made  some  of  his  most  striking  discoveries.  I 
have  tried  to  indicate,  in  a  general  way,  how  complicated  and 
^hfftcult  this  question  is :  a  further  cause  of  complexity  is  intro- 
■hiccil  by  the  fact  that  our  Sun  and  its  system  is,  like  other  stars, 
TvH  at  rest,  but  moving  toward  a  point  in  Hercules  at  a  rate  of 
ahiiut  twelve  miles  in  every  second  of  time,  and  the  eflPect  of 
this  motion  must  be  removetl  from  the  observed  proper  motions 

•t  the  stars.  With  so  many  small  motions  of  varying  direc- 
ti<»n5  ami  amotmts,  the  problem  becomes  largely  one  of  aver- 
a*:c^,  and  the  methods  statistical.  The  stars  must  be  sorted  out 
h\  magnitudes  and  spectral  classes,  then  again  by  the  size  and 
ireneral  <lirection  of  their  proper  motions,  taking  into  account 

•  ■ur  rather  meager  knowledge  of  stellar  distances.  By  such  sta- 
tistical methods  of  sorting  and  arranging  the  stars  in  terms  of 
their  motions,  positions,  brightness,  and  age  as  shown  by  their 
t>pe  of  spectrum.  Professor  Kaptev.v  has  made  a  number  of 
striking  contributions  to  modem  astronomy :  perhaps  the  best 
known  of  these  is  his  discovery  that  the  brighter  stars  show  a 
wcIl-<Jefined  tendcnc>'  to  move  toward  two  diametrically  opposed 
I»«»int<  in  the  sky,  rather  than  entirely  at  ran<lom.  These  two 
(Himts  of  preferential  motion  arc  in  the  Milky  Way;  one  of 
them  being  about  seven  degrees  northeast  of  the  bright  star 
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Betelgeuse  in  Orioiij  and  the  other  one  at  the  antipodal  point 
on  the  other  side  of  the  celestial  sphere,  north  of  the  constel- 
lation of  Sagittarius,  Many  other  investigators  have  since 
studied  this  problem,  and  the  evidence  of  the  spectrographic 
results  in  general  supports  this  two-drift  theory,  but  do  not 
indicate  it  so  strongly  as  do  the  proper  motions.  There  is  also 
a  well-marked  tendency  for  many  of  the  stars  to  move  in  planes 
roughly  parallel  to  that  of  the  Milky  Way,  but  recent  results 
tend  to  show  that  stars  of  different  ages  behave  differently  in 
this  regard. 

Professor  Kapteyn's  results  on  star-streaming  were  secured, 
as  I  have  said,  by  what  we  may  term  statistical  methods  applied 
to  the  very  minute  proper  motions  of  the  stars.  There  is  one 
fault  in  such  methods,  which  lies  in  the  fact  that  the  apparent 
motion  of  a  star  in  space  tells  us  nothing  as  to  the  distance  of 
the  star  or  its  actual  motion  in  miles  per  second,  unless  we 
have  knowledge  as  to  the  distance  of  the  star  from  other 
sources.  A  simple  illustration  may  make  this  point  clear;  a 
motion  of  one  second  of  arc  per  year  across  our  line  of  vision 
would  be  equivalent,  if  we  were  looking,  for  example,  at  the 
branch  of  a  tree  one  hundred  feet  away,  to  a  motion  or  growth 
of  only  one  two-hundredth  of  an  inch  per  year;  at  the  dis- 
tance of  the  Sun  it  would  equal  four  hundred  and  fifty  miles 
per  year;  while  for  a  star  one  hundred  light  years  away,  it 
would  mean  a  motion  of  nearly  three  billion  miles  per  year,  or 
ninety  miles  a  second.  Now,  the  spectrograph  enables  us  to 
tell  in  miles  per  second  how  fast  a  star  is  moving  directly 
toward  or  directly  away  from  us,  no  matter  what  the  distance 
of  the  star  may  be.  So  it  is  that  a  combination  of  our  knowl- 
edge of  the  proper  motions  of  the  stars  with  the  values  of  the 
actual  radial  velocities  in  miles  per  second  secured  by  the 
spectrograph  has  in  recent  years  g^ven  us  more  accurate  values 
of  the  real  motions  and  average  distances  of  the  stars.  For 
this  reason  some  of  Professor  Kapteyn's  conclusions,  par- 
ticularly with  regard  to  the  size  of  our  stellar  universe,  have 
been  somewhat  modified  in  recent  years,  but  this  fact  in  no  way 
detracts  from  the  value  of  the  methods  which  he  has  applied 
and  where  he  has  in  many  cases  pointed  the  way  to  future  ad- 
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when  our  knowledge  of  radial  velocities  shall  be  rela- 
tively as  complete  as  in  the  case  of  stellar  proper  motions. 

<  Hhcr  vahiaUe  pieces  of  work  carried  through  by  our  medal- 
ha  arc  his  extensive  researches  on  the  proper  motions  of  the 
%tars  by  means  of  photography,  and  also  his  researches  on 
stellar  parallax  by  the  same  method. 

It  was  Kaptevn,  too,  who  perhaps  first  fully  realized  the 
difficulties  which  bar  our  way  to  future  progress  in  the  knowl- 
ed|»e  of  these  greater  problems  of  stellar  distribution,  type. 
distance,  and  motion,  for  this  knowledge  seems  absolutely 
beyond  our  finite  resources  should  we  attempt  to  find  out 
everything  about  every  star.  With  a  total  number  of  stars 
gmerany  estimated  at  about  two  hundred  million,  should  these 
be  investigated  individually  it  would  be  centuries  before  all 
the  observatories  of  the  world  could  begin  to  find  out  all  we 
wish  to  know  in  our  eflForts  to  fathom  the  plan  or  plans  under- 
King  our  universe  of  stars.  We  ought  to  know  a  great  number 
of  proper  motions,  and  we  now  know  such  motions  accurately 
for  only  a  few  thousand  stars ;  we  ought  to  know  their  stellar 
a^jc  as  given  by  the  type  of  spectrum  which  they  show,  and 
this  we  know  for  fewer  than  ten  thousand  stars  at  present. 
thriugfa  the  work  at  Harvard  will  bring  this  number  up  to  about 
14OJ000  in  the  near  future;  we  ought  to  know  their  actual 
*pced  in  miles  per  second,  and  the  spectrograph  has  thus  far 
given  us  fewer  than  two  thousand  radial  velocities ;  we  ought 
to  know  the  distances  of  many  of  them,  and  thus  far  we  know 
the  individual  distances  of  fewer  than  two  hundred  stars  with 
any  accuracy,  and  these  distances  are  for  our  nearest  stellar 
neighbors.  All  these  gaps  in  our  knowledge  make  it  seem 
like  a  task  too  great  for  mankind  ever  to  gain  more  than  a 
suf>erficial  knowledge  of  the  real  nature  and  structure  of  this 
universe  of  stars.  But  now  suppose  that  instead  of  trying  to 
trnti  oat  these  facts  for  most  of  the  stars  of  the  sky,  we  select 
i|iiite  a  number  of  relatively  small  sections  of  the  sk>'  dis- 
tributed very  uniformly  over  the  heavens,  and  suppose  further 
that  the  main  observatories  of  the  world  so  combine  their 
effort*  as  to  find  out  for  all  these  small  representative  squares 
e\eT> thing  that  can  be  found  out  with  reference  to  the  proper 
nxKions,  radial  velocities,  spectral  types,  and  distances  of  the 
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stars  in  each  square.  From  a  general  average  of  the  fairly 
complete  knowledge  which  would  thus  be  secured  for  these 
representative  sections  of  the  sky  we  should  then  have  data 
which  would  enable  us  to  learn  the  laws  of  this  stellar  universe 
almost  as  accurately  as  though  we  had  attempted  the  impos- 
sible task  of  studying,  if  not  every  star,  at  least  a  very  large 
proportion  of  the  stars.  This  plan  of  systematizing  the  ascer- 
tainable facts  of  our  stellar  universe  by  co-operative  studies  on 
numerous  small  representative  sections  of  it  is  due  to  our 
medallist,  and  is  known  as  Kaptevn's  Plan  of  Selected  Areas ; 
already  a  number  of  observatories  are  concentrating  their 
efforts  on  these  areas.  Some  such  subdivision  of  the  task  and 
concentration  of  effort  on  relatively  small  representative  areas 
seems  to  offer  us  the  only  means  of  solving  the  problems  of  an 
infinite  universe  with  only  finite  time  and  finite  resources  at 
our  disposal. 

Let  us  now  attempt  to  give  briefly  a  conspectus  of  the  more 
salient  features  of  this  universe  of  stars ;  many  points  are  still 
uncertain,  and  the  astronomer  prefers  to  state  many  of  his 
conclusions  as  only  probably  true,  in  view  of  the  fact  that  for 
many  of  his  deductions  the  data  thus  far  gathered  forms  only 
a  beginning. 

The  first  point  which  should  be  emphasized  is  the  essential 
oneness  of  the  stellar  universe  in  its  subject-matter.  In  the 
spectrum  of  the  Sun  we  find  great  numbers  of  absorption  lines 
which  we  know  stand  for  certain  chemical  elements,  iron,  cal- 
cium, hydrogen,  etc.,  and  to  the  best  of  our  knowledge  the 
light  given  forth  by  burning  iron,  for  example,  will  show  the 
same  lines  in  our  laboratories  here  on  Earth  as  it  will  in  the 
far  greater  laboratory  of  a  star  at  the  limit  of  our  visible 
universe.  It  is  probable  that  all  the  elements  we  know  are 
present  in  the  Sun,  though  not  all  have  been  identified  as  yet. 
There  are  only  about  eighty-three  elements  or  kinds  of  matter 
known  to  us;  just  why  there  should  thus  be  so  small  a  num- 
ber of  arrangements  of  atoms  instead  of  an  infinite  number  of 
kinds  of  matter,  the  chemist  and  physicist  can  not  yet  explain. 
Similarly,  we  find  stars,  and  many  of  them,  distant  billions  of 
billions  of  miles  from  us,  which  show  essentially  the  same 
spectrum  as  our  Sun.    A  still  larger  number  of  stars  show  the 
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hnes  of  fewer  elements,  mainly  hydrogen,  magnesium,  calcium 
and  helium,  and  there  are  still  left  lines  which  we  cannot  yet 
iticfitify  with  known  terrestrial  elements,  but  such  unknown 
\\nt<^  arc  relative  few,  and  we  expect  eventually  to  be  able 
to  uientify  even  these.  For  a  long  time,  to  illustrate,  certain 
lines  were  observed  in  the  spectrum  of  the  Sun  and  many  stars 
i»  hich  had  no  counterpart  on  the  E!arth ;  the  unknown  element 
wa*  called  helium.  Years  later  physicists  discovered  small 
an>nints  of  this  gaseous  element  on  the  Earth.     The  nebulae 

•  ffer  many  puzzles  not  yet  explained,  and  it  may  be,  as  a  few 
a^tn^iomers  have  argued,  that  we  here  see  matter  beginning 
t'-k  be.  in  forms  and  conditions  yet  unknown  to  us,  but  for  the 
^tar>  we  may  say  that,  for  distances  out  into  space  so  incon- 
ceivable that  light  needs  thousands  of  years  to  make  the  jour- 
ney, the  stars  show  a  oneness  with  the  materials  which  make 
up  our  own  Sun  and  Earth;  like  our  Earth,  the  stars  evidently 
are  f«irme<l  of  only  a  finite  number  of  kinds  of  matter.  Though 
we  tivnlay  accept  this  fact  as  almost  self-evident,  this  oneness 
<tf  the  matter  in  the  tremendous  reaches  of  space  is  an  inspiring 
fact  and  full  of  meaning. 

Secnndly,  we  discern  everywhere  in  this  universe  of  stars 
the  e\'idences  of  a  process  of  evolution,  a  cycle,  perhaps  re- 
current, of  gn>wth  and  decay.  From  the  formless  nebula  and 
the  great  expanses  of  diffused  nebulosity,  through  the  spirals, 
!••  the  clusters  and  such  stars  as  the  Pleiades  with  the  remnants 

•  »f  their  original  nebulosity  still  surrounding  them,  the  evidence 
<f  an  e\'olutionar>'  process  seems  clear,  though  we  know  little 
iN  to  the  actual  laws  governing  the  growth.  Of  the  brighter 
^►ur''.  at  least  one  in  ever\'  four  is  a  double  star;  whether  this 
p'oj-irtinn  continues  among  the  fainter  stars  we  have  no 
niean'i  of  knowing,  but  there  is  certainly  a  strongly  marked 
t«-^<iency  for  the  fission  of  the  parent  mass  into  two  suns  of 
nearly  e<]ual  size. 

Thinlly,  these  millions  of  suns  are  moving  in  all  directions 
ai  vj)eetU  of  from  five  to  ten  or  more  miles  in  a  second.  There 
are  great  groups  e(  suns  whose  separate  units  are  light-years 
af  art  which  are  traveling  together  through  space ;  such  groups, 
for  instance,  as  the  great  Taunts  group  discovered  by  r»oss.  or 
th<*^e  aggregations  which  Kaptev.v  found  with  motions  tending 
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toward  his  vertices  of  preferential  motion.  Here,  perhaps,  the 
most  striking  fact  is  that  the  speed  appears  to  be  a  function 
of  the  star's  spectral  type;  the  older  the  star,  the  higher  its 
speed  in  space.  As  pointed  out  by  Campbell  and  Kapteyn, 
it  is  as  though  matter  in  the  ante-stellar  state  were  in  some 
way  not  subject  to  the  attraction  of  gravitation. 

Finally,  when  we  attempt  to  visualize  the  dimensions  of  this 
universe  of  stars,  we  must  confess  that  our  knowledge  is  most 
fragmentary  and  imperfect ;  at  present  we  know  the  distances 
of  only  those  stars  which  form  the  inner  fringe  of  the  stellar 
universe  in  which  oiir  Sun  is  but  a  very  inconspicuous  unit. 
Our  present  direct  methods  enable  us  to  determine  the  distances 
of  stars  with  some  confidence  out  to  about  one  hundred  and  fifty 
light-years,  nearly  a  quadrillion  miles,  but  oeyond  this  distance 
but  little  confidence  can  be  felt  in  direct  determinations  of 
stellar  distances.  By  combining  the  results  of  proper  motions 
and  radial  velocity  data  it  is  possible  to  find  the  average  dis- 
tances of  large  groups  of  stars.  The  brighter  stars  of  solar 
type  have  an  average  distance  from  us  of  about  one  hundred 
light-years  (the  ten  nearest  stellar  neighbors  of  the  Sun  would 
be  contained  in  a  sphere  twenty-five  light-years  In  diameter), 
while  the  younger  Oass  B  stars  are  on  the  average  about  five 
hundred  light-years  from  our  system.  Eventually  this  method 
will  enable  us  to  determine  distances  still  farther  out  in  space, 
perhaps  to  one  or  two  thousand  light-years,  but  here  there 
appears  to  be  a  wall  which  may  bar  all  further  progress  by 
known  methods.  This  is  because  for  the  fainter  and  more 
remote  stars  it  becomes  increasingly  more  difficult  to  photo- 
graph them  with  the  spectrograph,  and  the  proper  motions  are 
doubtless  so  minute  that  several  centuries  of  observation  in- 
stead of  one  century  may  be  necessary.  Beyond  the  confines 
of  a  sphere  about  one  thousand  light-years  in  diameter,  then, 
we  really  know  nothing  to-day ;  our  estimates  of  the  probable 
size  of  the  visible  universe  are  all  but  little  more  than  guesses,  all 
rest  on  more  or  less  probable  assumptions.  We  can  be  guided 
only  by  the  analogy  of  our  own  Sun,  which  at  the  distance 
of  the  average  naked-eye  star  would  be  visible  only  in  a  tele- 
scope, and  by  what  little  we  already  know  of  star  distances, 
with  more  or  less  probable  hypotheses  as  to  the  existence  and 
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anviiunt  of  an  ab$oq)tion  of  light  in  space.  So  it  is  that  for 
the  pnihable  diameter  of  the  belt  of  stars  which  forms  the 
Milky  Way  the  estimates  vary  all  the  way  from  three  thou- 
sand to  at  least  a  million  light-years. 

Such  researches  apparently  do  not  touch,  even  remotely,  the 
daily  life  of  this  practical  age.  But  if  to  know,  or  even  to 
kn<»w  that  one  knows,  is  power,  a  knowledge  of  these  greater 
facts  of  our  universe  is  certainly  an  asset  of  great,  though 
tn<lirect,  value  to  our  social  fabric.  The  Sun  is  not  swallowed 
up  by  a  great  dragon  at  the  time  of  an  eclipse;  the  aurora  is 
ni<  a  pnxression  of  departed  spims  tr(X>ping  across  the  sky; 
the  Sun  and  the  stars  do  n^ revolve  in  their  crystal  spheres 
abnut  an  Earth  which  is  the  center  of  all.  To  realize,  even  in 
j^art,  the  majesty  of  this  universe  of  stars  is  a  possession  of 
\a'uc  to  the  soul  of  any  man. 
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PRELIMINARY  NOTE  ON  AN  ATTEMPT  TO  DETECT 
THE  MAGNETIC  FIELD  OF  THE  SUN. 


By  George  E.  Hale 


In  1908,  shortly  after  magnetic  fields  had  been  found  in  sun- 
spots,  an  attempt  was  made  to  observe  the  Zeeman  effect  due 
to  the  general  magnetic  field  of  the  Sun  with  the  60-foot  tower 
telescope  and  30-foot  spectrograph  of  the  Mount  Wilson  Solar 
Observatory.  Although  slight  shifts  of  certain  solar  lines,  such 
as  might  be  caused  by  a  magnetic  field,  were  found  on  measur- 
ing the  photographs,  the  quantities  were  too  small  to  command 
confidence,  and  the  work  was  postponed  until  more  perfect 
polarizing  apparatus  could  be  provided. 

The  investigation  was  resumed  in  October,  191 1,  but  no  cer- 
tain evidences  of  the  Zeeman  effect  were  detected.  On  the  com- 
pletion of  the  1 50- foot  tower  telescope  and  7S-foot  spectro- 
graph, observations  were  begun  with  this  instrument  in  January 
of  the  present  year  (1912).  The  objective  of  150  feet  focal 
length  now  used  with  this  telescope  was  not  then  ready,  and 
accordingly  the  12-inch  objective  of  60  feet  focal  length,  belong- 
ing to  the  60-foot  tower  telescope,  was  temporarily  transferred 
to  the  new  tower.  This  forms  an  image  of  the  Sun  6.7  inches 
in  diameter  on  the  slit  of  the  spectrograph.  After  passing 
through  the  slit  the  light  descends  vertically  into  a  well,  exca- 
vated in  the  earth  beneath  the  tower,  to  a  depth  of  75  feet, 
where  it  falls  upon  the  objective  which  serves  for  both  colli- 
mator and  camera  of  the  auto-collimating  spectrograph.  We 
were  fortunate  in  having  a  large  grating  of  the  finest  quality, 
ruled  by  Michelson,  which  gives  almost  theoretical  resolution 
in  the  third  order  spectrum.  Here  the  scale  is  4.9™™  to  the 
Angstrom  unit,  corresponding  to  a  distance  of  29°*"  between 
the  D  lines. 

Let  us  assume  the  Sun's  magnetic  field  to  be  similar  to  that 
of  a  magnetized  sphere,  with  magnetic  poles  coinciding  in  posi- 
tion with  the  poles  of  rotation.  If  the  field  were  strong  enough, 
and  if  the  observer  could  look  along  the  Sun*s  axis,  and  form 
an  image  of  one  of  the  magnetic  poles  on  the  slit  of  a  power- 
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:  H  '^t>cctrojjTa|)h,  he  would  find  certain  solar  lines  split  into 
:  iih't-t*.  with  components  circularly  polarized  in  opposite  direc- 
:'--n-.  If  a  Xicol  prism  were  placed  in  front  of  the  slit  of  the 
-|*ctn»ijraph,  with  its  long  axis  parallel  to  the  slit,  in  combina- 
:•  <i  with  a  quarter-wave  plate  set  with  its  principal  section  at 
a-:  ancle  of  45",  one  of  the  components  of  the  magnetic  doublets 
•A  -iiM  be  extinguished,  while  the  other  would  be  transmitted 
h\  the  Xicol,  If  we  assume  the  red  component  to  be  transmit- 
tal, n>tation  of  the  quarter-wave  plate  through  an  angle  of  90° 
u*iQki  cause  this  to  be  extinguished  and  the  violet  component 
*  T  W  transmitted.  Consequently,  if  the  quarter-wave  plate  were 
U\v.\t  up  *»f  mica  strips  2*^  wide,  mounted  so  that  the  principal 
^<rcti«'n';  of  successive  strips  make  an  angle  of  45°  with  the  slit 
.in«J  4|0  with  each  other,  the  Xicol  would  transmit  (say)  the 
'fl  c'^nijxKient  for  the  odd  strips  and  the  violet  component  for 
•he  even  '^tripN.  In  a  photograph  of  the  sj)ectnmi  the  lines 
•%..nld  have  a  zigzag  appearance,  the  magnitude  of  the  separa- 
:■  'H  *>f  the  components  shown  on  successive  strips  varying 
M^'cctly  uith  the  strength  of  the  field.  If  the  slit  of  the  spec- 
•'■'^raph  were  directe<l,  not  at  the  Sun*s  pole,  but  at  a  point  in 
45  laiitude.  the  effect  would  still  be  clearly  observable,  though 
rie  tran**  format  ion  of  the  circularly  polarized  light  of  the  com- 
••  ncnts  into  elHptically  i)olarized  light  would  result  in  less 
.   '-ipiete  extinction  by  the  Xicol. 

In  practice,  on  account  of  the  weakness  of  the  Sun's  mag- 
rv^tic  field,  in  comparison  to  the  fields  of  sun-spots,  complete 
*<l»arati<»n  into  doublets  is  not  to  be  expected.  The  superposi- 
Tim  of  the  components  would  result  in  a  slightly  widened  line. 
u:»h  eilge^  elliptically  polarized  in  opposite  directions.  It  was 
h<»f»cil  that  a  spectrograph  of  very  high  dispersion  might  reveal 
^!i*:ht  shifts  of  the  lines,  caused  by  the  extinction  of  the  re<l 
and  %i<'let  edges  by  the  successive  strips  of  the  quarter-wave 
;.!aie.  The  increa'^ing  ellipticity  of  the  light,  in  passing  from 
*i:;:h  to  low  latitudes,  would  involve  less  and  less  complete 
extinctitm.  This,  coupled  with  the  decrease  in  the  total  mag- 
netic intensity'  toward  the  equator,  would  be  indicated  by  de- 
creasing displacements  of  the  line.  The  sign  of  the  displace- 
ment^  should  be  reversed  in  passing  from  the  northern  to  the 
vf^them  hemisphere. 
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With  the  aid  of  the  polarizing  apparatus  described  above,  a 
series  of  photographs  of  the  region  near  the  D  lines  in  the  third 
order  spectrum  was  made  with  the  slit  at  various  latitudes  on 
the  central  meridian  of  the  Sun.  The  photographs  were  meas- 
ured by  Miss  Lasby,  who  had  acquired  much  experience  in  the 
measurement  of  extremely  small  displacements  of  solar  lines. 
The  measures  were  made  without  possible  bias,  as  the  latitude 
corresponding  to  the  plate  was  not  known  to  the  observer. 
With  very  few  exceptions,  the  displacements  were  found  to  be 
positive  in  the  northern  hemisphere  and  negative  in  the  south- 
ern hemisphere  of  the  Sun,  the  magnitude  of  the  displacements 
decreasing  from  a  maximum  near  50°  north  or  south  latitude, 
to  zero  near  the  equator. 

The  conditions  were  extremely  favorable  for  the  detection  of 
very  small  shifts  of  the  solar  lines,  as  the  spectrograph  is  very 
massive  and  stable,  the  grating  is  mounted  in  a  region  of  prac- 
tically constant  temperature  about  75  feet  below  the  level  of 
the  ground,  and  the  method  of  observation  is  a  purely  differ- 
ential one,  the  displacements  measured  being  those  of  sections 
of  the  same  line  corresponding  to  adjoining  strips  of  the 
quarter-wave  plate.  As  a  check  upon  the  results,  atmospheric 
lines  were  measured  and  found  to  give  shifts  rarely  exceeding 
0.0002  Angstrom,  while  some  of  the  solar  lines  gave  shifts  as 
great  as  0.003  Angstrom.  Nevertheless,  there  were  certain 
peculiarities  about  the  results  which  made  it  advisable  to  take 
every  possible  precaution  to  check  their  reliability. 

The  most  marked  of  these  peculiarities  lay  in  the  fact  that 
only  a  few  of  the  solar  lines  seemed  to  be  affected,  others  show- 
ing no  shifts,  although  they  were  known  to  give  large  Zeeman 
effects  in  the  laboratory.  In  our  work  on  the  spectra  of  sun- 
spots,  it  is  true,  we  had  found  that  the  magnetic  field  is  very 
strong  at  low  levels,  but  decreases  rapidly  in  passing  upward 
through  the  spot  vapors.  If  some  analogous  condition  exists 
ir.  the  case  of  the  general  field,  certain  low-level  lines  may  show 
it,  while  those  corresponding  to  higher  levels  may  fail  to  do  so. 

As  a  check  on  the  question  whether  the  displacements  of  the 
solar  lines  might  safely  be  attributed  to  a  magnetic  field,  a 
half-wave  plate  was  inserted  between  the  compound  quarter- 
wave  plate  and  the  Nicol.    Leaving  the  quarter-wave  plate  and 
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X>coI  untouched,  it  should  be  possible  to  reverse  the  sign  of 
the  diNplacement  in  any  jjiven  case  by  turning  the  half -wave 
jilate  through  an  angle  of  45"^.  A  number  of  tests  were  made 
in  this  way,  and  in  all  cases  Miss  Lasrv's  measures  showed 
shift>  such  as  would  occur  if  the  edges  of  the  lines  were  circu- 
larly or  clliptically  polarized.  A  similar  test  was  applied  by 
•  ■•Tutting  the  half-wave  plate,  and  inverting  the  compound 
t,uartcr-wavc  plate,  so  as  to  bring  its  lower  face  uppennost. 
rhis  alM»  reversed  the  sign  of  the  displacement,  and  proved  so 
saii'-factorj*  a  means  of  checking  the  observations  that  the  plan 
"f  taking  all  plates  in  pairs,  corresi)onding  to  the  two  positions 
<•!  the  quarter-wave  plate,  was  subsequently  adopted. 

l*p  to  this  time  all  of  the  measures  had  been  made  by  Miss 
L\<BY,  except  for  a  few  check  measures  by  Mr.  Adams.  As 
it  seemed  desirable  to  have  a  complete  series  of  independent 
mcAMires  of  the  plates,  several  members  of  the  observatory  staff 
an<lcrto<>k  the  work.  It  was  found,  however,  that  while  in 
n;any  case*i  the  measures  showed  excellent  internal  agreement, 
there  was  no  general  harmony  among  the  observers.  It  was 
e\Hlcnt  that  with  the  lines  in  question  systematic  errors  were 
hkely  to  occur,  frequently  of  such  a  magnitude  as  to  reverse 
the  sign  of  the  measured  displacement.  Two  attempts  to  avoid 
tl:i«  difficulty  were  accordingly  made.  A  parallel  plate  micro- 
nwtcr,  in  which  the  line  corresponding  to  one  of  the  strips 
of  the  compound  mica  plate  is  displaced  to  right  or  left  by 
inclining  a  plate  of  plane  parallel  glass,  mounted  immediately 
aNive  the  negative,  was  substituted  for  the  ordinary  measuring 
nachinc  used  in  the  previous  work.  With  this  simple  device, 
the  use  of  which  for  this  purpose  was  suggested  by  Mr.  Pease, 
the  line  is  shifted  until  it  coincides  with  the  line  of  an  adjoining 
'^tnp  of  the  spectrum,  and  the  magnitude  of  the  displacement  is 
read  off  on  a  graduated  arc,  which  measures  the  angle  through 
«hich  the  plate  is  turned. 

AH  of  the  plates  of  the  first  series  have  been  measured  with 
thi%  instrument  by  Dr.  Van  Maanen,  with  results  agreeing 
men  with  those  of  Miss  Lasbv,  except  that  there  seems  to  be 
a  systematic  tendency  toward  smaller  values  for  the  displace- 
ment^  on  the  part  of  Dr.  Van  Maanen.  Thus,  while  the  true 
magnitude  of  the  displacement  for  a  given  latitude  is  still  open 
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lo  further  investigation,  there  is  no  question  as  to  the  reversal 
of  the  sign  of  the  displacements  in  the  two  hemispheres,  and 
the  decrease  in  their  magnitude  from  middle  latitudes  toward 
the  equator. 

In  order  to  obtain  further  light  on  the  question  of  systematic 
errors,  the  simple  expedient  was  adopted  of  displacing  a  line 
by  a  known  amount,  and  then  measuring  the  displacement  by 
settings  on  the  line  itself.  In  this  way  it  is  possible  to  obtain 
the  personal  equation  of  any  observer  for  lines  of  any  width  or 
intensity.  The  results  indicate  that  a  slight  peculiarity  in  the 
plates  may  often  introduce  systematic  errors,  capable  of  revers- 
ing the  sign  of  the  displacement.  This  probably  accounts  for 
some  of  the  discrepancies  encountered  in  the  measurement  of 
the  plates. 

In  spite  of  the  fact  that  the  results  obtained  are  precisely 
such  as  the  existence  of  a  magnetic  field  would  lead  us  to 
expect,  and  the  apparent  impossibility  of  attributing  them  to 
any  other  cause,  some  difficulties  remain  unexplained.  A  long 
series  of  photographs,  made  in  the  second  order  in  May  and 
June,  has  been  measured  by  Dr.  Van  Maanen  with  the  parallel 
l)late  micrometer.  The  second  order  was  chosen  because  of 
the  greater  sharpness  of  the  solar  lines,  but  it  is  doubtful 
whether  this  policy  w^as  a  wise  one.  The  displacements  on 
these  photographs  are  much  smaller  than  those  of  the  first 
series,  though  it  is  extremely  improbable  that  the  strength  of 
the  Sun's  field  w^ould  change  materially  between  the  two  sets 
of  observations.  As  all  of  the  photographs  were  made  in  pairs 
(quarter-wave  plate  inverted),  it  is  possible  to  test  the  mag- 
netic nature  of  the  displacements.  Thirty-eight  pairs  of  plates 
give  reversed  signs  for  the  displacements,  while  ten  pairs  do 
not.  In  view  of  the  very  small  magnitude  of  the  displacements, 
which  rarely  exceed  0.003™™,  the  evidence  is  decidedly  in  favor 
of  an  actual  reversal  of  sign  produced  by  inversion  of  the 
(juarter-wave  plate. 

I  am  unable  to  account  for  the  greatly  decreased  magnitude 
of  the  displacements  on  these  plates,  unless  it  is  due  to  the  use 
of  the  second  order  spectrum  instead  of  the  third.  On  the  aver- 
age, the  displacements  are  only  about  one-quarter  as  great 
(when  reduced  to  the  third  order)  as  those  obtained  by  Dr. 
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\  v>:  M. VAN  EN  for  the  first  series  of  plates.  In  this  connection, 
*n«l  as  a  neccssarj-  check  on  all  of  the  observations,  a  careful 
"^tudy  has  been  made  of  the  elliptical  polarization  due  to  the 
reflection  of  the  sunlight  on  the  two  silvered  mirrors  of  the 
orUistat.  The  polarization  phenomena  vary  with  the  declina- 
tujo  ami  hour  angle  of  the  Sun,  but  in  no  case  do  they  appear 
!•>  Ixr  4>f  such  a  character  as  to  influence  appreciably  the  mag- 
nitude of  the  displacements. 

An*»ther  series  of  observations  is  now  in  progress,  using 
the  third  order  of  the  grating  and  the  i6j/i-inch  image  of  the 
Sun  gix-en  by  the  object-glass  of  150  feet  focal  length.  The 
.*: ^placements,  as  far  as  measured,  are  much  larger  than  those 

•  n  the  Mxnnd  order  plates,  and  the  results  clearly  confinn  those 

•  f  the  fir>t  series. 

K'*  the  matter  now  stands,  further  observations  will  be  re- 
',  Mrtd  ti»  prove  conclusively  whether  or  not  the  observed  dis- 
placements are  due  to  the  Sun's  magnetic  field.  It  may  be  in- 
ttrt-^ting  to  inquire,  however,  as  to  the  sign  of  the  charge  and 
tl*c  CMmrHjxuiding  polarity  indicated  by  the  obser\'ations  already 

•  >>tainc<I.  Knowing  the  direction  of  the  Sun's  rotation,  and 
a-^u^'^inu.  Un  example,  that  the  field  is  prmluced  by  tlie  rota- 
te n  uith  the  Sun  of  two  opposite  and  equal  charges  distribute<l 
ihnmgh  the  Sun's  mass  and  contained  within  spheres  whose 
radii  diflPer  slightly,*  we  may  deduce  the  sign  of  the  outer 
charge  re<juire<l  to  prcnluce  such  line  displacements  as  have 
hern  <»bser\'e<l.  This  outer  charge  is  found  to  be  negative, 
mhich  ^4nild  imply  that  the  north  and  south  poles  of  the  Sun 
A^ree  in  magnetic  polarity  with  those  of  the  Earth.  As  for 
the  'strength  of  the  field,  a  knowledge  of  the  Zeeman  effect  for 
the  line  in  question  is  necessary  to  determine  this.  It  happens 
that  all  of  these  lines  are  too  faint  in  the  spark  to  appear  on 

•  -jr  f»hotographs.  but  another  eff'ort  is  being  made  by  Mr.  Rab- 
« I*  K  to  observe  their  behavior  in  the  magnetic  field. 

The  investigation  is  being  pushed  forward  as  rapidly  as  j)os- 
H:b!e,  in  view  of  the  quiet  condition  of  the  Sun,  since  the  ap- 
pearance of  sun-spots,  with  their  very  powerful  magnetic  fields, 
mil  tend  to  introduce  troublesome  perturbations. 

iVrmnbcT  5,  191Z 

^■TtTi»,  /*r#rrrrfnif*  Pkyticol  Se^tifty  of  London.  April  15.  iqij:  Swanw. 
W  T  Cm.  "TW  Earth's  Mft^nrttc  Field.**  f*hitosophicat  Magasint.  July.  iqij.  \'oI 
WIN.    p     to.     BArva.    L.A..    "On    the   Origin    of    the    Earth's    Mafnettc    FicM.** 

•  "     Ua4*rtm^.  fWfUmber.  191^. 
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ASTRONOMICAL  OBSERVATIONS  IN  1912. 


Made  by  Torvald  Kohl,  at  Odder,  Denmark. 


Variable  Stars. 
(The  instrument  used  is  a  3-inch  Steinheil,  power  42.) 


Jan.   10: 

19: 
Feb.  8: 
Mar.  8: 
10: 
12: 
24: 

25: 
Apr.     2 : 

7' 

12: 

Aug.  25 : 

31: 

Sept.    7: 

12: 


Jan. 

Feb. 
Mar. 


Apr. 


Aug. 
Sept. 


10: 

19: 

8: 

8: 

10: 
12: 
24: 

2: 

7- 
12: 

7' 
12: 

15: 


S  Ursce  Majoris} 


invisible. 
2  steps  >  f. 

1  step  >  f. 

2  steps  >  f. 
I  step  <  e. 
id. 

1  step  >  e. 
=  d. 

2  steps  >  d. 
invisible. 

id. 

invisible. 

id. 


Sept.  15 
18 
28 
29 

Oct.     2 

5 

8 

Nov.    5 

15 
21 

28 

Dec.     2 

10 

15 

27 


T  invisible. 

id. 

=:  e. 

J<a. 

)>b. 

>4  step  >  a. 

^  a. 

2  steps  >  a. 

^  a. 

2  steps  >  a. 

=  a- 

I  step  >  a. 

invisible. 

id. 

id. 

id. 


T  Ursce  Majoris.'^ 
Sept. 


Oct. 


Nov. 


18: 

28: 

29: 

2: 

5: 
8: 


Dec. 


5: 

15: 
21 : 

28: 

10: 

15: 
27: 


<  e. 


id. 
id. 
id. 
id. 
id. 
id. 

=  g- 

I  step 

=  e. 

id. 

I  step  >  e. 

J4  step  >  e. 

id. 

Shalf  way  be- 
tween d  and  e. 
=  d. 


id. 
id. 
id. 
id. 
id. 


i^t 


<  c. 


b. 

1  step 
=  a. 

2  steps  >  b. 
I  step  >  b. 
id.  . 

=  b. 

I  step  >  b. 


•  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  73, 
'  \*ide  the  sketch  in  the  Publications  A.  S.  P.,  No.  22, 


12,  56. 

4,63. 
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Jan.      7: 

Mar.  14: 
.\pr.  18: 
AuR.    6: 

S^.  7: 
II : 
•5: 
18: 

Oct.     2: 


Jan.     7.   6» 

10.  6* 

Mar.  24, 16^ 

Auk.  25.   9* 
3».   */: 
Sept.  7.   9*: 

11.  10*: 
12. 10*: 

>5.   9*: 
18.   9>: 

29.   7*: 

(Jet.     2.   8V 

6.   qV 

8.   9*: 


W  Pegasi.' 

^V  S  <  g.  Oct. 

?>h. 
vcrj'  faint, 
invisible. 
2  steps  >  c. 

=  b.  Nov. 

2  steps  <  b. 
I  step  <  b. 
=  b. 

1  step  <  b.  Dec. 
\  half  way  be- 

j  tween  b  and  c. 
id. 

2  steps  >  c. 

SS  CygnO 

:  SS  I  step<h.         Oct. 
:  id. 

Shalf  way  be- 
tween c  &  d.  Nov. 
:  invisible. 
:  id. 
:  id. 
:  2  steps  <  h.            Dec. 

3  steps  <  h. 

I  step  <  h. 

=  h. 

invisible. 

=  c. 

(  2  steps  >  c. 
)  S  steps  <  b. 


Mar.  24: 
Apr.  12: 
16: 
iq: 
May  15: 
Sept.  1 1 : 

18: 

20: 

<Vt-      2: 


6: 

8: 

9: 

18: 

8: 

15: 
28: 

2: 
10: 
12: 
27: 


—  c. 

id. 

id. 

2  steps  >  d. 

4  steps  <  c. 
2  steps  >  e. 
1^2  Steps  >  e 
I  step  <  e. 
I  step  <  g. 
=  f. 

I  step  >  h. 
id. 
I  step  <  h. 


9.  9^: 
10,  8*: 
18,   9*: 

8,  io>»: 

28.  7^: 

29,  7^ 
2,   9'*: 

10, 10^ : 
12,    7^: 

27.   5"*: 


id. 
id. 

=  d', 
very  faint. 
I  step  <  h. 
invisible, 
id. 

1  step  <  f. 
(  2  steps  <  b. 
}  3  steps  >  c. 
21/2  steps  >c. 
(half  way  be- 
)  tween  c&d. 
=:h. 


Z  Cygni^ 

Oct. 


Z  =  a. 
id. 

1  step  <  a.  Nov. 
'i  step  >  a. 

2  steps  <  a. 

4  steps  <  e.  Dec. 

id. 

invisible, 
id. 
very  faint, 

\  .  W  ibc  •hrtrh  in  the  Pmhlicotioms  .4.  S.  P.,  No. 
\  tie  tW  ahrtcli  in  tbc  PuhitcmticnM  A.  5.  P.,  No. 


6:  id. 

18:  <e. 

8:  5  steos  <  e. 

28 :  invisible. 

29:  id. 

2:  id. 

10:  id. 

12:  id. 

15:  =e. 

27 :  =  d. 

141.  X  100. 
100.  1T»  16. 
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U  Herculis} 

Mar.  25: 

U  2  steps  <  f. 

Sept. 

15: 

id. 

Apr.  10: 

=  g- 

18: 

id. 

12: 

id. 

28: 

id. 

18: 

I  step  <  g. 

29: 

id. 

20: 

I  step  >  g. 

Oct. 

2: 

id. 

Aug.  25 : 

invisible. 

5: 

id. 

Sept.    7: 

id. 

8: 

id. 

II : 

id. 

Nov. 

28: 

id. 

12: 

id. 

S  Persei.^ 

Mar.  24: 

S  very  faint. 

Oct. 

2: 

id. 

Apr.  12: 

id. 

6: 

I  step  <  e. 

16: 

invisible. 

8: 

id. 

19: 

id. 

18: 

I  step  >  e. 

Sept.  12: 

=  f. 

Xov. 

5: 

Yz  step  >  e. 

15: 

id. 

29: 

I  step  <  c. 

18: 

\  half  way  be- 

15: 

=  d. 

\  tween  f  and  e. 

27: 

=  b. 

Several  other  stars  have  been  watched,  such  as  Y  Tauri 
(  B.  D.  4-  20°  1083),  which  in  the  first  months  of  the  year  was 
a  little  brighter,  in  the  last  months  a  little  fainter,  than  the 
star  B.  D.  +  20°  1095.  — T\  Cygni^  was  noted  April  12th 
and  September  nth:  4  steps  >  d,  but  on  August  6th:  2  step 

Large  Meteors. 

'Fireballs  have  been  observed  from  stations  in  Denmark  on 
the  following  dates:  January  29th,  February'  3d.  17th,  28th, 
March  8th.  April  i8th,  21st.  22d,  23d,  26th,  June  sth,  6th.  July 
14th,  i6th  (two),  August  28th,  September  15th.  October  8th. 
The  last-named  fireball  was  observed  from  fifty-five  (fourteen 
Danish  and  forty-one  Swedish)  stations. 

Shooting-Stars. 

Shooting-stars  were  observed  from  six  stations  in  Denmark 
on  August  9th  and  loth.  At  these  stations  seventy-eight  paths 
of  shooting-stars  were  mapped,  and  seven  proved  suitable  for 
calculation,  under  which  four  fireballs  were  included  —  the 
meteors  on  July  i6th,  August  28th,  September  isth.  and  Oc- 
tober 8th.  These  seven  meteors  have  given  the  following 
results : — 


»  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  135.  23,  42. 
«  Vide  the  sketch  in  the  Publications  A.  5.  P.,  No.  135,  2S,  43- 
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Ttmc.  P 

M 

:  :^ 

I^, 

ii«» 

I"0^ 

v-« 

U 

10 

-?5  45 

\  ^ 

•*. 

10 

.^ 

Viir 

10. 

10 

48 

^=K 

Jfr. 

10 

8 

S;t 

'5- 

10 

10 

*Vt 

R 

6 

57 

From  ObsenxUion. 

Station.         Beginning.  r.nding. 

\  Kragelund  i5**-f  65* 

i  Charlottenlund  i<j8  -j-  43 

(  Vardc  4^+47 

I  Odder  93  -1-  82 

S  Nordby  o  -h38 

j  Odder  -290-1-33 

(Varde            58'+ 53*  51+55 

"I  Jyderup       iao-f(o  167-1-66 

I  Copenhagen  186  -}-  52.5 

\  Nyborg  83  -h  49 

I  Ringsted  159  -f  58 

\  Faxe  35  4-  n 

I  Ocstermarie 

S  Mem 

J  Oestermaric 

Fram  Calculation. 


Mag.     Observer. 
R.  Jensen 
F.  Okluf 
N.  H.  RossKN 
T.  Kohl 
J.  Skakke 
T.  K611L 
N.  H.  RoKSRX 

M.  POVLSEK 

KiEKi'Lrr 
T.  Vaaien 

ClIRISTENSKN 

Lau 
-280  +  33      'H    J.  IWkjfskov 
62  4-  38  J-  Lamskn 

145+  54  J-  BOGEIKOV 


ncgmning 
X 


Ending 
X 


r. 
c 


173^     I*   14.3    57*  48.9 


h  X  ^ 

(X).o     2*  iq'.8     56*  49' .0 
w 

2    21  .6       56    35.8 
w 

2   .?9-5     55    36.4 
w 

2    10.4      56   59  3 
w 

2     98     56   59  7 
w 

2    1 1  .4     56    59  7 
w 

I      7.5 


Real  length 
of  path.      Radiant. 
^        AR      Decl. 


791 

9^)5 

135-5 

1-25  5 

126.9 

331 

5i-8 

61.5 


120.1     70*^-1-49 


48.1 

51.6 

e 


56     i.o 

55  0.8 

56  27.8 


k  and  ^  are  cxpre'^^cd  in  kilometers :  X  i<  longitude  from  Copenhagen : 

•  1*  nnrth  latitude ;    h  i«  the  altitude  of  the  meteor  above  the  Earth's 

•  ::'facr       The    combination    of    Vardc- Jydenip    i«^    marked    A,    Vardc- 
<     '««-nhagen  B.  and  J>de nip- Copenhagen  C. 

The  attempt  has  been  made  to  calculate  the  true  diameter 

•  ■f  meteor  No.  (k  with  126  meters  as  the  result. 

My  Mete<»r-Cataloj^  has  now  reached  a  number  of  5.533 
"  rtciif'-^.  t)b5enx<l  from  stations  in  Denmark  and  surnmndinj^ 
i-»»iintne^  frr*m  1S75  to  18 12.  inclusive. 

Fnirn  Auj^ist  12th  to  17th,  inclusive,  astronomical  lecture*? 
«i€Te  helcl  at  the  Carina  Observatory'  in  CMder.  In  the  esti- 
"  ati'^n  of  variable  stars  I  often  have  been  assisted  by  Mr.  J. 

.<K  \KKI-. 
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PLANETARY   PHENOMENA   FOR   MARCH   AND 
APRIL,  1913. 


By  Malcolm  McNeil. 


PHASES  OF  THE   MOON,   PACIFIC  TIME. 


New  Moon  . . 
First  Quarter. 
Full  Moon  . . , 
Last  Quarter.. 


Mar.  7,   4*>22"»  p.m. 
"    15, 12    58     P.M. 

"    22,    3     56      A.M. 
"    29,    4    58      A.M. 


New  Moon Apr.  6,  9'>48"»a.m. 

First  Quarter..  "  13,  9  39  p.m. 
Full  Moon  ..."  20,  I  33  p.m. 
Last  Quarter  . .    "   27,10     9    p.m. 


The  first  of  the  eclipses  of  the  year,  a  total  eclipse  of  the 
Moon,  will  occur  on  the  night  of  March  2ist-22d,  the  beginning 
visible  generally  in  North  America,  western  South  America, 
throughout  the  Pacific  Ocean,  Australia,  and  the  eastern  border 
of  Asia ;  the  ending  visible  generally  in  western  North  America, 
the  Pacific  Ocean,  Australia,  central  and  eastern  Asia. 

CIRCUMSTANCES  OF  THE  ECLIPSE,  PACIFIC  TIME. 

Moon  enters  penumbra March  22, 

Moon  enters  shadow 

Total  eclipse  begins 

Middle  of  the  eclipse 

Total  eclipse  ends 

Moon  leaves  shadow 

Moon  leaves  penumbra   


irch  22, 

ih  i6«>A.M. 

22, 

2     13 

A.M. 

"       22, 

3    H 

A.M. 

22, 

3   58 

A.M. 

*       22, 

4  44 

A.M. 

22, 

5   43 

A.M. 

*       22, 

6   39 

A.M. 

The  second  eclipse,  a  partial  eclipse  of  the  Sun,  will  occur 
on  April  6th.  It  will  be  visible  throughout  the  regions  near  the 
North  Pole,  Alaska,  western  British  America,  and  the  extreme 
western  part  of  the  United  States  to  a  point  a  little  south  of 
San  Francisco.  In  the  United  States  and  southern  Alaska  it 
will  be  an  early  morning  affair.  The  American  Ephemeris 
computes  the  times  for  Sitka,  and  gives  beginning  April  6th, 
yh  2jm  ^  jyj ^  ^„(j  ending  9**  17"  a.  m.,  local  mean  time,  which  is 
almost  exactly  one  hour  slow  of  Pacific  time.  The  maximum 
obscuration  of  the  Sun  is  less  than  one  half  of  its  diameter. 

The  vernal  equinox,  the  time  when  the  Sun  crosses  the 
equator  from  south  to  north,  occurs  March  20th,  9  p.  m.  Pacific 
time. 
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\fi*rcury  is  in  fine  position  for  evening  observation  in  early 
March.  (>n  March  ist  it  sets  an  hour  and  three  quarters  after 
^un^^t  and  the  interval  remains  as  great  as  an  hour  and  one  half 
until  about  the  middle  of  the  month.  After  that  it  shortens  up 
\er>'  rapidly.  The  planet  reaches  greatest  east  elongation  on 
March  loth.  As  the  planet  passed  its  perihelion  only  four 
*la\H  earlier,  the  apparent  distance  from  the  Sun,  18°  14',  is 
much  smaller  than  the  average  greatest  elongation,  but  it 
jas'ies  the  most  northerly  point  in  its  orbit  on  March  i6th,  and 
It  is  then  more  than  g°  north  of  the  Sun ;  so  the  interval  between 
Hun*^  ami  the  setting  of  the  planet  is  materially  increased. 
\fter  the  middle  of  the  month  Mercury  approaches  the  Sun 
\rr>'  rapi<lly.  passing  inferior  conjunction  and  becoming  a 
rr.  .ming  star  on  March  27th.  It  reaches  greatest  west  elonga- 
ii<»n,  27  12^,  on  April  24th.  This  is  much  larger  than  the 
average  greatest  elongation,  as  the  planet  passed  its  aphelion 
•  •n  April  nnh,  only  five  days  before;  but  the  planet  is  now  12° 
^•tiih  <»f  the  Sun,  and  the  inter\'al  between  the  rising  of  the 
planet  and  that  of  the  Sun  scarcely  reaches  an  hour.  The  con- 
■  'iiions  for  visibility  are  therefore  very  poor. 

J'cnus  \<  in  fine  position  for  evening  observation,  setting 
aUnit  four  hours  after  sunset  on  March  ist  and  about  three 
h^-urs  after  on  .\pril  1st.  After  that  it  approaches  the  Sun 
vcr>  rapidly  and  reaches  inferior  conjunction,  becoming  a 
nx>ming  star  on  April  24th.  It  will  then  remain  a  morning 
^tar  until  F'ebruary  11,  1914.  Its  eastward  motion  among  the 
^iar>  gradually  diminishes  until  April  2d,  when  it  becomes 
vtati<inar}*,  and  then  moves  westward  until  May  13th.  The 
entire  retrograde  motion  is  about  14**.  It  passes  perihelion  on 
Nfarch  3d,  but  the  orbit  is  so  nearly  circular  that  this  makes 
\cr\'  little  change  in  its  appearance  to  us,  being  in  this  respect 
\-ery  different  from  Mercury  and  Mars,  On  March  igth  it  is 
at  its  greatest  brightness,  being  then  about  half-way  between 
i:reale^t  elongation  and  inferior  conjunction;  and  for  some 
weeks  before  and  after  that  date  it  will  be  visible  to  the  naked 
e>e  in  full  sunlight. 

The  apparent  distance  of  Mars  from  the  Sun  is  gradually 
increasing,  <o  that  it  has  now  become  an  easy  object  to  see  in 
the  early  morning.    C>n  March  ist  it  rises  not  quite  an  hour  and 
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a  half  before  sunrise,  and  this  interval  increases  about  a  quarter 
of  an  hour  during  the  two  months'  period.  Its  actual  distance 
from  the  Earth  diminishes  about  twenty-five  million  miles,  and 
its  brightness  increases  materially,  being  at  the  end  of  April 
about  twice. as  great  as  it  was  on  January  ist,  although  still 
only  15  per  cent  as  bright  as  it  will  be  at  the  next  opposition 
in  January,  191 4. 

Jupiter  is  gradually  drawing  farther  away  from  the  Sun.  and 
rising  earlier,  at  about  three  hours  before  sunrise  on  March  ist, 
and  at  about  midnight  on  April  30th.  During  the  two  months' 
period  it  moves  about  5°  eastward  in  the  constellation  Sagit- 
tarius, north  and  a  little  east  of  the  "milk  dipper.'* 

Safurrt  is  still  in  good  position  for  evening  observation,  al- 
though it  sets  much  earlier  than  it  did  at  the  beginning  of  the 
year.  On  March  ist  it  sets  shortly  after  midnight,  and  at  the 
end  of  April  somewhat  before  nine  o'clock.  It  moves  about  6° 
eastward  and  a  little  northward  in  the  constellation  Taurus, 
between  the  Pleiades  and  the  Hyades  groups.  The  rings  keep 
about  the  same  opening  as  during  the  early  part  of  the  year. 

U rent  us  rises  shortly  five  o'clock  in  the  morning  in  early 
March  and  shortly  after  one  at  the  end  of  April.  It  is  in  the 
constellation  Capricorn  and  moves  about  2°  eastward  during 
the  month.- 

Neptune  is  above  the  horizon  until  after  midnight.  It  is  in 
Gemini  south  of  Castor  and  Pollux,  the  principal  stars  of  the 
constellation. 


\«  »TKS  FROM  PACIF4C  COAST  OBSERVATORIES. 


TiiK  c  >Ri:iT  (»K  THE  Siiort-Period  Hinary  Star  A  88. 
The  (ii.ublc  star  A88  (  R.A.  =  iS**  33"  ic/ ;  Dccl.  =  —3°  17' ; 
r.-is^jtuilci  =  y.2,  J. 2;  spectral  type  =  F8)  was  discovered  by 
ilv/  uriter  with  the  36-inch  telescope  in  1901.     Measures  on 
ih'or  niijhtN  ^vc  the  position : 

«90i.5^>      338°.3      o"i4. 
.t'ld  the  mean  of  measures  on  three  nipjhts  in  the  following  year 
H.i^  !«»un<l  to  be: 

1002.66       318^.1       o".i2. 

Tlic  rapid  motion  indicated  by  these  results  led  me  to  measure 
tlic  pair  annually.  The  obser\'ed  anjjular  motion  has  continued 
to  he  rapid,  averaginjj  almost  30^  per  year,  and  the  position  of 
!!)c  c'v.panion  is  now  nearly  the  same  as  at  the  time  of  dis- 
1-. 'xcrx  Three  nij^hts'  measures  in  the  present  year  give  the 
Ti..Mti.>n:  ,,^,25^       35^^o,       ^.^  ,. 

The  data  for  an  approximate  orbit  are  thus  available,  and 
fr.»m  them  I  have  derived  the  following  system  of  elements. 
i!-it:i^  graphical  metho<ls: 

P  =  12.12  years 

7'=  IQIO.IO 

I' =  0.273 
a  =o''.i76 

I  =  ±  62.4 
•*  =  270.0 
Angles  decreasing 

Ml  .i^urcN  of  the  apparent  ellipse  give  the  values : 

length  of  major  axis  =  o''.337 

Length  of  minor  axis  =  o  .163 

Distance  of  star  from  center  =  o  .022 
Positicin  angle  of  major  axis  =  i**.q 
Position  angle  of  periastron    =  92.4 
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The  pair  is  always  difficult  to  measure,  even  with  the  36-inch 
refractor,  for  the  maximum  distance  between  the  components 
is  only  o".i7,  the  minimum  value  being  c/^oy.  For  this  reason, 
probably,  measures  have  not  been  made,  so  far  as  I  am  aware, 
by  any  other  observers,  and  my  orbit  necessarily  rests  entirely 
upon  my  own  observations. 

The  elements  given  are  to  be  regarded  as  preliminary  only, 
but  the  general  form  of  the  apparent  ellipse  is  well  defined. 
The  orbit  represents  my  measures  as  well  as  could  be  expected 
in  a  pair  of  this  character,  the  residuals  in  distance  falling 
within  the  limits  it  o".03,  and  the  residuals  in  angle,  reduced 
to  arc  measure,  being  considerably  smaller  (except  for  the  year 
1904,  for  which  the  residual  is  o".05). 

Only  three  other  visual  binary  stars — hEquulci,  13  Ccti  and 
#c  Pegasi — are  known  to  have  shorter  periods  of  revolution  than 
that  found  for  A  88.  R.  G.  Aitken, 

December,  1912. 


Position  of  Nova  Geminorum,  1912. 

Two  observations  of  last  year's  Nova  made  with  the  meridian 
circle  on  January  27th  and  29th,  give  the  position  referred  to 
mean  equinox  1913.0: — 

R.  A.  6»»  49*"  I5«.773;  Decl.  +32**  15'  1^64;   Epoch  191308. 
Two  observations  were  obtained  last  year,  immediately  fol- 
lowing the  receipt  of  the  announcement  of  discovery  in  March. 
Referred  to  mean  equinox  1912.0,  the  position  was: — 

6h  49m  11  •796;  +32*  15'  5''.63;    Epoch  1912.22 

Precession -}-  3.896  —  4.27 

19130 15.692  1.36 

Comparison  of  the  results,  differing  ten  months  in  epoch, 
gives  no  indication  of  change  of  position.  The  drop  in  bright- 
ness, from  fifth  magnitude  in  March,  191 2,  to  eighth  mag- 
nitude now,  would  produce  an  effect  upon  the  observed  transit 
of  the  Xozxi  of  about  one  third  of  the  right  ascension  difference, 
due  to  magnitude  equation  (three  units  at  o".oo8),  and  the 
outstanding  differences  are  not  greater  than  might  be  due  to 
probable  errors  of  observation.  R.  H.  Tucker. 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


1-  arrxt^^iiaoc*  with  m  recent  Arrangement  the  memberi  of  the  scientific  ttafl  of 
"**  L*ek  Ok/merrntory  bold  raeettnft  once  per  week,  sf  sn  ob«enr»tory  duty»  to  report 
*r-  •'.  and  diacttw  the  more  important  articles  appearing  in  the  journals  of  astronomy. 
'*^  nBpm-taal  new  books  on  astronomical  subjects,  or  subjects  of  current  and  special 
•-  trrrm.  m  the  ofaaenratory's  work.  It  has  been  suggested  that  abstracU  of  the 
r«-fH:m  v<nild  bc  of  interest  to  the  readers  of  these  Publications,  and  the  Publication 
«  -vHBiTtrr  has  acted  favorably  upon  the  suggestion. 

ft  m  tntea«4ed  to  preserve  the  qualities  of  abstracts  as  far  as  possible,  and  to 
-vM  rft  paS  iftlicd  criticttms,  favorable  or  unfavorable,  to  a  minimum. 


A  New  Form  of  Interferometer. 

In  the  October  number  of  the  Zeitschrift  fur  Instrumenten- 
kundf  Dr.  F.  Goos  describes  a  new,  simple  and  inexpensive 
f*>rm  of  the  Fabry- Perot  interferometer.  In  the  usual  form  of 
this  instrument  the  device  for  securing  parallelism  of  the  half- 
^ilvrred  plates  is  rather  complex,  and  the  instrument  is  very 
scn<.itive  to  vibration,  so  that  an  isolated  pier  is  necessary. 
Ilicse  precautions  are  not  necessary  with  the  improved  form, 
w  hich  is  a  rigid  whole.  The  glass  plates  are  carried  in  a  hori- 
ztmtal  instead  of  in  a  vertical  position.  The  base,  carrying 
the  lower  plate,  is  a  massive  three-legged  spider,  the  three  feet 
Iwmg  at  the  vertices  of  an  equilateral  triangle  about  ten  inches 
*»n  a  side.  Three  fairly  good  micrometer  screws,  of  half- 
rr,:!limeter  pitch,  screw  into  the  three  feet;  on  these  screws 
rc'-ts  the  upper  plate  carrier.  The  screws  are  provided  with 
iarge  divided  heads ;  these  are  divided  into  one  hundred  parts, 
an<l  a  movement  of  one  division  changes  the  parallelism  of  the 
l*lates  by  4". 5  of  arc.  F^iner  screws  or  larger  spiders  would 
Uive  still  greater  sensitiveness.  The  instrument  is  easy  to  ad- 
rust,  vibrations  have  very  little  effect,  and  it  would  be  easy  of 
o  »nvtructifni  with  the  facilities  of  an  ordinary  laboratory. 

H.  D.  C. 

On  the  Staining  of  Photographic  Plates. 

The  methods  of  staining  photographic  plates  introduced  by 
IVnfe^M>r  Wallace,  by  enabling  astronomers  and  physicists 
to  ph«»(ograph  the  red  end  of  the  spectrum  without  difficulty. 
have  causes]  great  advances  to  be  made  in  certain  lines  of  astro- 
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physical  work.  Where  relative  intensities  are  desired,  how- 
ever, it  seems  that  the  method  must  be  used  with  great  care. 
This  aspect  of  the  subject  is  dealt  with  in  a  suggestive  paper 
by  Professor  V.  M.  Arcichovsky,  in  Vol.  I,  Xo.  17,  of  the 
Ann,  dc  VInst.  Polyt,  a  Nowocherkassk.  The  paper  is  entitled 
"On  the  Search  for  Chlorophyll  on  the  Planets/'  and  is  in  Rus- 
sian, with  a  resume  in  German  at  the  end.  A  number  of  inves- 
tigators have  considered  the  possibility  of  deriving,  by  spec- 
trographic  means,  evidence  as  to  the  existence  on  the  planets 
of  Chlorophyll,  so  characteristic  of  terrestrial  vegetation.  With 
this  phase  of  the  subject  the  present  paper  has  very  little  to  do ; 
it  is  rather  a  study  of  the  staining  methods  used  for  sensitizing 
plates  to  the  red  rays.  A  large  number  of  tests  of  the  effects 
of  pinacyanol,  pinaverdol,  and  dicyanin  were  made  with  short 
exposures ;  some  were  made  on  the  Sun  and  others  on  a  Wels- 
bach  burner.  The  effect  of  the  various  dyes  was  determined 
separately,  and  also  in  various  combinations ;  in  particular,  a 
number  of  tests  were  made  using  the  same  dyes  and  the  same 
manipulation  as  used  by  Slipher  in  securing  his  well-known 
spectrograms  of  Uranus  and  Neptune.  The  sensitiveness  of 
plates  stained  with  any  or  all  of  these  dyes  is  quite  irregular, 
absorption  bands  showing  clearly  with  short  exposures.  Arci- 
chovsky comes  to  the  conclusion  that  Slipher's  results  on 
Uranus  are  really  a  combination  of  the  planet  spectrum  with 
those  effects  due  to  the  irregular  sensitiveness  of  the  plate 
stained  by  his  method.  The  cuts  show  quite  conclusively  that 
the  dark  band  between  B  and  C,  in  particular,  in  Slipher's 
spectrum  of  Uranus  can  be  secured  in  spectrograms  of  the 
Sun  or  the  Welsbach  burner  on  plates  stained  in  this  way. 
While  not  all  of  the  bands  in  the  spectrum  of  Uranus  can  be 
thus  reproduced,  Professor  Arcichovsky*s  results  are  sugges- 
tive and  valuable,  and  emphasize  the  need  for  further  studies 
in  this  field  before  complete  confidence  can  be  felt  in  investi- 
gations involving  short  exposures  on  plates  stained  for  sensi- 
tiveness in  the  red  end  of  the  spectrum.  H.  D,  C. 

A  Contribution  to  Our  Knowledge  of  Stellar  Distances. 

Parts  III  and  IV  of  Volume  II  of  the  Transactions  of  the 
Astronomical  Observatory  of  Yale  Observatory  have  just  been 
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;.uh:iNhc<l  and  form  a  fitting  continuation  of  the  valuable  work 
u  h:ch  has  been  carried  on  at  this  institution  in  the  determina- 
i;-  n  of  stellar  distances  by  means  of  the  heliometer.  Determina- 
tiiifiH  «»f  the  |>arallax  of  forty -one  southern  stars  north  of  —  13° 
•ii-canation  and  a  catalogue  of  all  parallax  determinations  made 
at  Yale  are  inclu<led  in  the  volume. 

The  "^tars  selected  were,  for  the  most  part,  those  of  large 
pri>|»cr  m<»ti<»n.  The  average  probable  error  is  ±  o".oi7.  This 
:*>  very  small  and  stamps  this  scries  as  more  accurate  than  any 
*thcr  extentle<I  list  of  heliometer  determinations.  It  should  be 
'>«?til  here  that  this  average  probable  error  is  almost  as  small 
..H  that  of  the  ver\'  best  mmlern  photographic  parallaxes,  for 
It  i*  but  ver)-  little  larger  than  the  average  probable  error  of 
:!L  ©''.013  secured  by  Schlesinger.  If  this  record  could  be 
riaintaint<l.  the  heliometer  would  take  its  place  as  fully  the 
f  nal  of  the  best  photographic  determinations  with  long-focus 
inHtmmcnts.  For  all  the  Yale  heliometer  results  the  probable 
crrtir  in  245  determinations  averages  it  o."o30,  while  the 
Average  of  a  large  number  of  old  and  modern  heliometer  de- 
terminations is  dr  o".035. 

Three  stars  in  this  list  have  large  parallaxes.  These  are 
c  Eridani,  0^.31 ;  S  Eridani,  o".i8,  and  Wcissc  i6*»  906,  o".2i, 
placing  these  stars  in  the  list  of  our  nearer  stellar  neighbors. 
<  >f  the  forty-one  stars,  ten,  or  nearly  one-fourth,  show  negative 
farallaxes  ( three  of  these,  it  is  true,  being  bright  stars  without 
^en^ible  proper  motion  included  in  the  list).  Modern  ideas  of 
the  ''tellar  universe  premise  a  scale  of  distances  far  more  vast 
than  was  hekl  twenty  years  ago,  and  this  proportion  of  negative 
;  arallaxes  ten<ls  to  inspire  a  feeling  of  confidence  in  the  Yale 
rr*4iit<  rather  than  otherwise.  That  so  excellent  a  series,  based 
tijiiin  stars  of  large  proper  motion  most  likely,  a  priori,  to  be 
am*  .fig  our  nearer  neighbors,  should  show  this  proportion  of 
nc;jative  parallaxes,  brings  home  to  us,  however,  the  insur- 
'"i-ontablc  character  of  the  wall  which  bars  our  progress.  It 
1^  becoming  increasingly  more  evident  that  the  best  modem 
'r«th*His,  whether  heliometer  or  long- focus  photographs,  can  do 
httic  mi)re  than  to  pick  out  some  of  our  nearer  neighbors.  A 
rrTnbination  of  radial  velocity  and  proper-motion  data  has 
already  given  us  trustworthy  results  for  the  average  distances 
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of  the  brighter  stars  several  times  more  remote  in  space  than 
the  limit  given  by  the  direct  methods.  The  radial  velocity 
method  will  undoubtedly  extend  our  measurable  universe  still 
farther  in  the  next  half-century,  but  even  in  this  method  we 
can  discern  the  barrier  ahead  beyond  which  we  cannot  pass, 
for  the  era  of  position  observations  on  the  fainter  stars  is  too 
short  to  determine  accurately  their  minute  proper  motions,  and 
the  radial  velocities  are  too  difficult  to  secure.  What  will  be 
the  new  methods  of  determining  the  size  of  our  universe,  or  will 
the  present  barriers  always  stand  ?  H.  D.  C. 


A  Possible  Absorption  of  Gravitational  Energy. 

One  of  the  most  interesting  subjects  discussed  in  recent 
astronomical  literature  is  that  of  a  possible  absorption  of  gravi- 
tation by  a  body  situated  or  passing  between  the  two  bodies 
whose  mutual  attractions  are  in  question.  Important  papers 
have  been  published  by  Dr.  K.  F.  Bottlinger,  in  a  preliminary 
way  in  the  Astronomsch^  Nachrichfen  of  April  21,  1912.  and 
more  completely  a  little  later  as  a  prize  dissertation  of  the 
University  of  Munich,  in  pamphlet  form;  and  likewise  by- 
Professor  DE  Sitter  in  the  November  number  of  The  Obserixi^ 
tary.  Professor  de  Sitter  recalls  attention  to  the  remarkable 
fact  that  thus  far  no  satisfactory  physical  explanation  has  been 
found  for  the  existence  or  nature  of  gravitation.  He  quotes 
from  his  paper  dated  1908  to  the  effect  that  the  explanation 
must  be  sought  "in  its  extreme  simplicity,  its  complete  inde- 
pendence of  everything  that  affects  other  phenomena  of  nature. 
Gravitation  is  not  subject  to  absorption  nor  refraction,  no 
velocity  of  propagation  has  been  ascertained,  it  affects  all  bodies 
equally  without  any  difference,  always  and  everywhere  we  find 
it  in  the  same  simple  and  rigorous  form,  which  defeats  all 
attempts  to  penetrate  into  its  inner  mechanism." 

In  1909  Professor  Seeliger  proposed  a  new  point  of  view 
concerning  gravitational  attraction,  as  follows  (a  free  trans- 
lation) :  "The  entering  of  a  third  body  between  two  other 
bodies  must  influence  the  normal  attraction  of  the  two  bodies 
upon  each  other  and  show  departures  from  the  Newtonian 
formula,  which  one  may  perhaps  describe  as  absorption  of 
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s^ravitation.  Such  departures,  which  in  themselves  seem  quite 
plansibic,  have  perhaps  first  to  establish  themselves  by  discov- 
cry.  They  may  eventually  be  discoverable  in  the  motion  of 
the  Moon — and  perhaps  only  in  the  lunar  motion." 

Shortly  thereafter  Bottlinger,  a  student  of  Seelioer's,  un- 
<lert<x>k  the  investigation  of  the  question  whether  the  gravita- 
t)4Kia]  pull  exerted  by  the  Sun  upon  the  Moon  is  during  a 
lunar  eclipse  diminished  by  a  small  fraction  of  its  amount, 
«lc|>cndent  upon  the  mass  of  the  Earth  which  is  traversed,  so 
t'»  *«f)eak.  by  the  lines  of  solar  gravitational  force  which  would 
reach  the  Moon.  As  a  starting-point,  lioTTLiNGER  assumed 
thai  the  interposition  of  the  Earth  would  reduce  the  effective 
**»!ar  attraction  upon  the  Moon  by  a  function  of  the  Earth- 
mass  traver^^etl,  and  computed  the  variations  in  lunar  longi- 
tude which  should  have  resulted  in  consequence  of  the  lunar 
rvlij>Mrs  from  1834  to  K^og. 

\hin»st  simultaneously  and  before  Bottlinger's  results  were 
fniMi^het!,  de  Sitter  had  carried  through  similar  investigations 
afi^l  c«Hn(n]tattons.  The  results  of  the  two  investigators  are  not 
in  strict  acconl.  though  their  cur\'es  of  longitude  disturbances 
hjvc  many  pt^ints  in  resemblance.  Both  investigators  were 
interr>te<l  to  determine  whether  the  unexplained  discrepancies 
heti*ei*n  «4)scrved  and  predicte<l  longitudes  of  the  Moon,  as 
|nihH4>c<l  by  Professor  Xewcomb,  could  have  their  explana- 
i."n  in  ihi*;  absorption  of  gravitational  force.  In  brief,  the 
ilKTepancies  announced  by  Xewcomb  are  not  satisfactorily 
cxplaineil  cm  this  basis;  but  on  account  of  the  computational 
•liflficultiev,  and  of  uncertainties  as  to  the  form  of  the  absorptive 
functi'W  and  the  distribution  of  mass  within  the  Earth,  no  one 
can  vafely  say  that  the  absorption  of  gravitation  during  lunar 
cclip^**  is  not  the  important  factor.  We  can  only  say  that 
the  problem  remains  as  yet  unsolved,  because  of  the  difficulties 
and  uncertainties  inherent  in  its  nature. 

\V.   \V.   CAMPnELL. 

N<iTK5  ON    THE   PROBLEM   OF   LATITUDE  VARIATION. 

Saiure  for  December  26,  1912,  abstracts  an  interesting  and 
m^tructive  article  on  the  relationship  of  latitude  variations  and 
mean  «^a-lcvel  variations  in  Japan,  as  published  in  the  Japan 
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AstronofniccU  Herald  by  Dr.  Omori,  the  seismologist.  Study- 
ing the  mean  sea-level  records  for  nine  stations  on  the  Japanese 
coast,  he  finds  that  average  sea-level  was  low  in  1897  ^"^  1902, 
but  was  high  in  1899  and  1905.  The  greatest  fluctuations  seem 
to  have  occurred  at  Misaki,  near  Yokohama,  where  the  mean 
sea-level,  constant  in  1897,  was  166  millimeters  higher  by  1909. 
Plotting  the  mean  results  for  the  nine  stations,  and  likewise 
the  latitude  variations  as  observed  at  Tokyo  and  Mizusawa 
during  the  same  period,  Omori  observed  that  the  curves  for 
the  two  phenomena  have  striking  resemblances,  from  which  it 
appears  that  a  variation  of  o".i  in  latitude  was  accompanied 
by  the  change  of  42  millimeters  in  sea-level.  These  results  are 
very  suggestive  of  promising  investigations  along  the  same 
lines,  based  upon  voluminous  existing  records  of  mean  sea-level 
at  many  coastal  points  throughout  the  civilized  world. 

The  Comptcs  Rendus  of  the  Paris  Academy  of  Sciences  for 
October  14,  191 2,  publishes  an  interesting  account  of  the  Ham- 
burg meeting  of  the  International  Geodetic  Conference  last 
September.  We  note  with  regret  that  a  shortage  of  financial 
resources  makes  it  necessary  to  reduce  the  number  of  Interna- 
tional Latitude  stations.  The  high  efficiency  shown  in  the 
administration  of  this  special  latitude  service  and  the  fruitful- 
ness  of  the  results  bring  instant  regrets  that  a  curtailment  of 
the  service  is  even  considered.  The  account  does  not  state 
which  stations  are  to  be  closed,  but  I  learn  from  another  source 
that  the  station  at  Gaithersburg,  Md.,  has  been  instructed  to 
bring  its  work  to  a  conclusion  in  the  immediate  future. 

Dr.  F.  E.  Ross,  who  has  been  the  Gaithersburg  observer  for 
several  years  past,  has  recently  made  an  important  contribution 
to  the  latitude  variation  question,  notwithstanding  that  his 
conclusion  is  of  a  negative  character.  The  so-called  Kimura 
tenn  in  the  latitude  variation  has  seemed  to  imply  that  the 
effective  center  of  mass  of  the  Earth  shifted  northward  from 
its  mean  position  to  the  extent  of  three  or  four  feet  every  north- 
ern winter  season  and  correspondingly  southward  from  its 
mean  position  three  or  four  feet  every  southern  winter  season. 
Dr.  Ross's  thorough-going  paper  on  the  subject  lends  strong 
support  to  his  belief  that  the  insufficiency  of  the  formulae  upon 
which  the  computations  have  been  based  is  responsible  for  the 
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■^rrMcT  part  of  the  api>arent  Kimura  annual  variation.  I  under- 
-tAn-l  I)r.  Ross's  point  of  view  to  be  that  the  entire  term  may 
}mr  '!uc  in  this  cau-^,  and  that  the  Kimura  variation  may  have 
'.»  r»h«cctive  existence.  W.  \V.  Campbkll. 


i  ••NTRiBnuiNs  TO  THE  Laim)Ratorv  SrMXTkiW!  OF  Hvi)R(k;i:.n. 

Xaturt'  for  December  2(\  191 2, describes  briefly  some  extremely 
••T-j»tirtant  results  on  the  hydrogen  spectnim  secured  by  Pro- 
•tN-or  Ai-HtEi)  Fowler  of  South  Kensington. 

Taking  up  the  subject  chonologically,  we  begin  naturally 
^iih  the  Har\'ard  College  (.)bservatory's  announcement  in  i8<X) 
•!iat  a  new  series  of  absorption  lines,  six  in  number,  had  been 
f"und  in  the  s|)ectrum  of  Zeta  Puppis,  which  are  apparently 
tn  intimate  relationship  with  the  well-known  lines  in  the  spec- 
trum of  hydrogen.  Later  s[)ectrograms  of  the  same  star 
S>ri.ught  the  number  of  lines  in  the  new  series  up  to  eight,  in 
iS)7.     Professor  Pickering  was  able  to  construct  a  formula 

•  f  relationship  between  wave-lengths  and  a  variable,  m,  such 
that  by  substituting  successive  integral  nimibers  for  n  the 
resulting  values  of  the  wave-lengths  were  those  of  all  the  lines 
•n  the  well-known  hydrogen  spectrum  and  of  all  the  lines  in 
the  nc\*'  series.  He  therefore  concluded  that  the  newly  found 
lines  belong  to  the  spectrum  of  hydrogen.  Further  interesting 
<|\icNtionK  as  to  the  relationship  of  the  old  and  new  lines  were 
tiiMnj'-M^  by  Kayser  and  by  Rvdberg,  but  upon  these  we  need 
n.ii  ciniinicnt  here  except  to  say  that  RvDBERd's  formula  pre- 

•  l!Cte<l  the  existence  of  additional  hydrogen  lines  at  wave- 
.cncih^  4'>S8.  2735,  2386,  2254  and  2188. 

Fowijcr's  recent  study  was  of  the  spectrum  obtained  by 
;^-«^mg  a  stnmg  electric  discharge  through  an  ordinary  Pfliicker 
t:j!»c  containing  a  mixture  of  hydrogen  and  helium.  Tn  par- 
ticular, he  ob^r>'ed  lines  at  wave-lengths  4686,  2733,  2385  and 
2233.  which  are  unquestionably  the  first  four  of  the  five  lines 
I  ndictct!  by  RvoniCRr.. 

<  nhcr  lines  observed  by  Fowler  agree  well  with  three  lines 
\*.ich   the    Har\'ard   College  ( )bservator>'   had   found   in   the 

•  •^■ctnim  c»f  Zeta  Pup  pis. 

Three  other  stmng  lines  obser\'ed   by    Fowler,  at   wave- 
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lengths  3203,  25 1 1  and  2306,  are  said,  according  to  the  report, 
to  belong  to  the  hydrogen  spectrum. 

It  is  of  especial  interest  to  note  that  none  of  these  ten  lines 
were  apparently  observed  by  Fowler  except  when  he  was 
dealing  with  hydrogen  and  helium  combined ;  another  illustra- 
tion of  the  apparent  principle,  to  which  several  observers  have 
called  attention,  that  the  spectrum  of  an  element  may  be  affected 
by  the  presence  of  another  element. 

Such  additions  to  our  knowledge  as  that  made  by  Fowler 
frequently  have  applications  to  celestial  spectroscopy  so  wide 
that  one  cannot  foresee  the  limits.  W.  W.  Campbell. 


GENERAL  NOTES. 


DciUh  of  Dr,  Leivis  Swift, — It  is  with  great  regret  that  we 

rccf>rd  here  the  death  of  this  veteran  astronomer  on  January  5th 

at  HLs  home  in  Marathon,  New  York.    Dr.  Swift  lacked  but 

a  few  weeks  of  being  ninety-three  years  of  age;  he  was  bom 

at  CTarkson,  New  York,  on  February  29,  1820.    As  an  astron- 

*  Tner  and  scientist.  Dr.  Swift  was  largely  self-educated.    When 

a  >»ning  man  he  became  greatly  interested  in  scientific  matters, 

and  <levatc<i  himself  for  some  time  to  the  lecture  field,  traveling 

alMmt  and  lecturing  upon  electricity,  then  a  comparatively  new 

'«.uhjeci-     He  afterwards  entered  the  hardware  business,  but 

ft*und  time  to  continue  his  astronomical  work  at  the  same  time, 

diNonering  several  comets.     Moving  to  Rochester,  he  set  up 

hi*  Mnall  telescope  on  the  roof  of  an  old  cider  mill,  and  his 

o«netar\*  discoveries  attracted  the  attention  of  H.  H,  Warner. 

a  wcahhy  manufacturer  of  proprietarj-  medicines.  Mr.  W.vrner 

\mi\x   for  I>r.  Swift  the  Warner  Observatory,  in  which  was 

mstalle<l  an  18-inch  refractor,  whose  cost  was  met  by  popular 

MibNcription  by  the  citizens  qf  Rochester.     Financial  reverses 

later  o impelled  Mr.  W.\rner  to  withdraw  his  support,  and 

I>r   S\Mt~T  then  took  this  telescope  to  the  Lowe  Observatory. 

in  Southern  California,  where  he  remained  till  failing  eyesight 

ofnpclleil  him  to  withdraw  from  all  astronomical  work. 

I>r.  Swift  discovere<l  fourteen  comets  and  over  thirteen 
hundretl  new  nebube.  and  it  is  from  his  work  in  these  fields 
that  his  name  is  best  known.  He  was  one  of  the  very  few 
a^tnmomers  who  have  had  the  privilege  of  seeing  Halley's 
<  'iiT*ct  at  two  successive  apparitions.  He  was  a  Fellow  of  the 
Ki»\al  Astronomical  Society,  and  was  the  recipient  of  numerous 
metiaU  for  his  cometary  discoveries.  He  was  almost  entirely 
ileaf.  but  overcame  this  obstacle  to  his  scientific  work  with  char- 
acteristic ingennuity  by  placing  a  small  induction  coil  in  circuit 
«ith  his  clock,  so  that  at  each  tick  a  slight  shock  was  sent 
thnnigh  his  arm.  His  last  years  were  spent  in  retirement  from 
all  active  duties,  at  the  home  of  his  daughter  in  Marathon 
Though  both  hearing  and  sight  had  now  failed  him.  he  never 
ceased  to  manifest  a  keen  interest  in  the  progress  of  his  favorite 
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Eclipses  in  191 3. — There  will  be  three  solar  eclipses  in  191 3, 
but  all  of  them  will  be  partial  eclipses  and  of  no  particular 
interest  astronomically.  These  partial  eclipses  will  take  place 
on  April  6th,  August  31st,  and  September  29th.  For  the  eclipse 
of  April  6th,  the  eclipse  area  extends  just  south  of  San  Fran- 
cisco, but  the  amount  of  obscuration  will  be  too  slight  to  be 
noticed  without  telescopic  aid.  The  other  two  will  not  be 
visible  at  all  from  the  United  States.  There  will  be  two  total 
lunar  eclipses.  That  of  March  2ist-22d  will  be  visible  in  Cali- 
fornia, the  middle  of  the  eclipse  coming  a  few  minutes  before 
4  A.  M.  on  the  morning  of  the  22d.  The  beginning  of  the  lunar 
eclipse  of  September  I4th-isth  will  be  visible  in  CaHfornia,  but 
not  the  total  phase. 


The  trustees  of  Wesleyan  University  have  voted  to  build  aik 
astronomical  observatory  at  a  cost  of  $60,000. — Science,  No- 
vember isth. 


The  next  meeting  of  the  International  Union  for  Solar  Re- 
search will  be  held  at  Bonn,  beginning  August  i,  1913.  The 
Astronomical  and  Astrophysical  Society  of  America  will  hold 
no  summer  meeting  in  1913,  because  of  the  probable  absence 
of  a  number  of  its  members  at  the  Bonn  conference.  The  sum- 
mer meeting  of  1914  will  be  held  at  Northwestern  University, 
and  that  of  191 5  in  San  Francisco  and  at  the  Lick  Observatory. 


The  great  lOO-inch  disk  of  glass  for  Mount  Wilson  was  at 
first  rejected  because  of  flaws.  After  a  number  of  attempts  to 
s,ecure  a  more  perfect  disk  of  the  requisite  thickness  had  failed, 
it  was  decided  to  make  the  attempt  to  figure  and  polish  the 
disk  on  hand.  We  learn  from  Popular  Astronomy  that  recent 
tests  unfortunately  show  that  this  disk  is  probably  useless,  as 
was  feared,  and  the  completion  of  the  great  reflector  seems 
therefore  to  be  only  a  hope  of  the  distant  future,  depending 
on  the  securing  of  a  more  perfect  disk  of  glass.  It  is  said  that 
a  perfect  disk  eight  inches  thick  has  been  cast,  but  this  is  be- 
lieved to  be  relatively  too  thin  to  promise  a  successful  mirror. 
The  casting  and  proper  annealing  of  so  great  a  disk  appears  to 
be  fully  as  difficult  a  matter  as  in  the  case  of  great  lenses. 
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.  litre  arc  at  least  four  or  five  large  lenses  which  have  now  been 
•  !t;.i\eil  a  year  or  more  awaiting  the  successful  casting  of  the 
c^'.t'-s  disks.  It  will  be  remembered  that  there  were  at  least 
rrr-i'tecn  failures  before  the  crown  glass  disk  for  the  Lick 
n  tractor  was  secured. 


I>r.  C  1).  Perrink,  director  of  the  National  Observatory  at 
t  t*r<!i»ba,  Argentina,  has  placed  orders  with  the  Alvan  Clark 
i  S-*ns  Coqx^ration  for  a  24-inch,  a  12-inch  and  several  other 

«>»t'CtlVCS. 


IVitfessor  M.  Anik)YER,  of  the  Nice  Observatory,  has  been 
ch.  .^cn  to  succeed  Poincare  in  the  professorship  of  mathe- 
".atical  astronomv  at  the  L'niversitv  of  Paris. 


<  Hx  Januar}-  6th  and  7th  a  cold  wave  struck  California  which 
*ka^  responsible  for  the  breaking  of  many  low-temperature 
rtvcrds  ihnmghout  the  State  and  did  considerable  damage  to 
citnis  fruits.  At  Mount  Hamilton  the  weather  was  marked  by 
;»rrfectly  clear  skies,  with  a  north  wind  of  from  forty  to  sixty 
"Mk*>  per  hour  and  a  minimum  temperature  of  1 1°.5  I^^ahrenheit, 
which  i-i  believed  to  be  the  lowest  temperature  ever  recorded 
at  the  nl>ser\ator\'. 


An  International  Time  Conference  was  held  at  Paris  in  Oc- 
ttl>er.  to  which  delegates  were  sent  by  the  principal  governments 
'•f  the  world.  The  subjects  di.saissed  by  the  four  commissions, 
if:t«»  which  the  conference  was  divided,  were  as  follows: — 

1.  The  astronomical  determination  of  time,  and  the  correc- 
ti-»n  of  timc-kcei>crs. 

2.  Radicvtclegraphic  transmission  of  time.  Apparatus  to  be 
u^etl  for  ^ending  and  receiving  hourly  signals. 

3.  The  degree  of  precision  that  ought  to  be  reached  in  the 
hijorly  vignals  for  different  purposes;  for  astronomy  and 
cctwlcsy.  navigation,  meteorology,  seismography,  and  various 
scientific  af)f>lications ;  for  railways,  public  administration,  and 
c!t»ck -makers. 

4  Collaboration  of  diflferent  astronomical  centers  to  insure 
t*<*  be^t  knowledge  of  time. 
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Consideration  of  the  general  organization  necessary  to  pro- 
vide for  the  transmission  as  well  as  the  reception  of  hourly 
signals,  so  as  to  satisfy  all  wants. 

International  meteorological  telegrams. 

A  scheme  was  put  forward  to  be  submitted  to  the  govern- 
ments represented  for  the  establishment  of  a  "Commission  In- 
ternationale de  I'Heure/*  with  an  executive  "Bureau  Interna- 
tionale de  THeure"  located  at  Paris.    It  was  agreed : — 

1.  To  use  Greenwich  time; 

2.  To  send  out  the  signals  at  exact  hours ; 

3.  To  arrange  that  there  shall  be  no  overlapping. 

4.  To  determine  the  most  suitable  wave-length  to  be  em- 
ployed. 

As  to  the  sending  of  the  signals,  it  was  proposed  that  signals 
should  be  sent  by  radio-telegraphy  from  stations  around  the 
globe,  so  chosen  that  any  place  on  the  Earth  should  be  able 
to  receive  a  day  signal  and  a  night  signal.  Nine  such  stations 
have  been  selected,  and  the  time  for  sending  out  signals  de- 
termined, each  signal  extending  over  three  minutes  before  the 
end  of  some  hour  by  Greenwich  time. 


Sir  George  Howard  Darwin} — Science  is  the  poorer,  and 
especially  that  branch  of  it  in  which  Englishmen  since  New- 
ton's days  have  held  a  prominent  position,  astronomical  physics, 
by  the  death  of  Sir  George  Darwin,  k.c.b.,  f.r.s.,  d.sc,  ll.d., 
the  Plumian  Professor  of  Astronomy  at  Cambridge.  Sir 
George,  who  underwent  a  serious  operation  two  months  ago, 
passed  away  on  December  Qth. 

Sir  George  Darwin  was  the  distinguished  son  of  a  most 
distinguished  father.  Charles  Darwin,  prince  of  naturalists, 
died  in  1882,  honored  in  every  land  where  science  is  cultivated, 
but  untitled  in  his  own.  He  left  five  sons — William  Erasmus, 
George  Howard,  Francis,  Leonard,  and  Horace,  and  two 
daughters.  It  is  the  second  of  these  sons,  George  Howard, 
who  has  now  passed  away.  Of  his  family,  all  of  them  intel- 
lectual and  scientific,  George  Howard  least  resembled  his  father 
in  his  favorite  studies  and  research.  Charles  Darwin  used  to 
confess  with  regret  his  ignorance  of  mathematics.     That  was 


'  From  the  London  Daily  Telegraph, 
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fHH  mach  for  one  who  was  equally  ready  to  profess  deficient 
knowledge  of  botany,  of  which  he  might  have  been  a  professor 
in  any  university,  but  in  the  case  of  mathematics  it  was  perhaps 
true.  He  declared,  indeed,  that  he  never  understood  an  equa- 
te m,  and  he  deplored  the  ignorance  because  that  science  seemed 
to  endow  men  with  a  special  faculty.  His  son,  now  no  more, 
wa-s  one  of  the  great  mathematicians  of  his  day,  who,  curiously 
cnt>ugh,  used  to  say  that  he  knew  very  little  of  those  biological 
stu<iie5  w^hich  his  father  had  enriched  for  all  time. 

<lFj>ft<;£  Howard  Darwin  was  a  native  of  Down,  in  Kent, 
that  pretty,  antique  village,  whither  naturalists  'from  the  ends 
•  •!  the  Earth  resort  to  see  the  place  where  the  "Origin  of 
Sf»ecie>**  was  written.  The  house  is  still  there,  but  it  is,  we 
t>e!ieve,  now  a  ladies*  school.  There,  on  July  9,  1845,  ^he 
future  mathematical  physicist  was  bom.  Except  in  scientific 
arcles  his  father  was  little  known,  save  perhaps  as  the  author 
of  the  "\*oyagc  of  the  Ikagle,'*  and  few  of  those  who  then  read 
that  wonderful  book  could  have  any  idea  how  great  a  work 
it  mas. 

When  only  23  years  of  age  George  granduated  Second 
Wrangler  and  Second  Smith's  Prizeman.  He  was  thus  among 
the  list  of  the  greatest  physicists  of  the  nineteenth  century  who 
mere  Second  Wranglers — Lord  Kelvin,  Clerk  Maxwell, 
and  J.  J.  Thompso.n  among  them.  In  the  same  year  he  was 
elected  Fellow  of  his  college.  Curiously  enough,  he  became  a 
Jiarri^ter  in  1874,  recalling  the  fact  not  generally  known  that 
the  greatest  of  the  world's  mathematical  physicists  narrowly 
escaped  being  a  lawyer.  When  Isaac  Newton  came  to  London 
h«  wai  poor.  ()n  account  of  that  poverty  he  offered  to  resign 
hi*  felk)wship  of  the  Royal  Society,  but  the  good  secretary 
<  Hj*:xbi'Rg  discerned  the  reason  and  **Mr.  Newton's"  annual 
fee  to  the  Royal  Society  was  remitted.  He  had  serious  thoughts 
*»f  becoming  a  lawyer.  Presently  he  became  Lucasian  Pro- 
ic^<An  at  Cambridge;  his  "bread  and  cheese'*  were  secured,  and 
the  W(>rki  of  science  was  spared  a  disaster. 

In  the  year  1883  George  Darwin  was  elected  Plumian  Pro- 
fessor of  "Astninomy  an<l  Experimental  Philosophy"  at  Cam- 
briilge. 

i\iu%is.  Darwin  had  already,  at  the  date  of  his  succession 
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to  the  professorship,  done  good  work.  In  1880  he  had  traced 
back,  by  a  process  of  abstruse  reasoning,  the  history  of  the 
Moon  and  its  relationship  to  the  Earth,  and  demonstrated  that 
in  all  probability  there  was  a  time  when  the  Earth-Moon  system 
was  one  body,  and  that  a  crisis  came  when  the  Earth — not  then 
the  rigid  body  it  is  now,  but  rotating  much  more  rapidly — 
threw  off  a  part  of  its  substance  into  space  and  so  formed  our 
satellite.  When  that  event  happened  there  started  the  species 
of  attraction  between  the  two  bodies  which,  in  its  widest  and 
most  generalized  sense,  is  known  as  "tidal." 

The  theory  of  the  tides  and  its  application  not  merely  to  the 
great  oceans  of  our  own  globe,  but  still  more  to  stellar  worlds — 
some  of  which  are  still  in  their  earlier  stages  of  existence — 
have  been,  perhaps,  the  crowning  work  of  the  great  physicist 
now  no  more.  It  belongs  to  the  romance  of  scientific  specula- 
tion, to  the  most  sublime  of  astronomical  hypotheses. 

RIGIDITY  OF  THE  EARTH. 

One  of  the  difficulties  in  the  problem  of  the  tides  arises  from 
the  rigidity  of  the  Earth.  We  know  that  the  waters  of  the 
ocean  rise  and  fall  in  obedience  to  tidal  attraction;  yet  few 
people  realize  how  many  hundreds  of  millions  of  tons  of  water 
every  day  enter  the  English  Channel,  the  North  Sea,  the 
Thames,  and  Severn,  and  all  our  other  seas  and  estuaries — to 
say  nothing  of  the  great  oceans,  through  the  pull  of  the  Moon's 
attraction.  Does  the  solid  surface  of  the  globe  itself  yield  to 
the  same  force  ?  This  is  a  question  still  unanswered.  The  late 
Lord  Kelvin  and  Sir  George  Darwin  studied  this  problem 
profoundly.  They  came  to  the  conclusion  that  our  solid  globe 
must  be,  as  a  whole,  as  rigid  as  glass  or  steel,  otherwise  visible 
earth-waves  due  to  tidal  gravitation  would  be  formed  on  its 
land  surfaces.  It  is  now  generally  believed  that  the  Earth  does 
yield  slightly  to  these  tidal  forces,  and  this  hypothesis  has  been 
brought  forward  as  a  possible  contributing  cause  of  earth- 
quakes, but  so  far  without  confirmatory  evidence.  Sir  George 
and  Lord  Kelvin  came  to  the  conclusion  that  "the  effective 
rigidity  of  the  Earth  must  be  greater  than  that  of  glass  — 
and  probably  as  great  as  that  of  steel."  An  old  theory  of  some 
geologists  assumed  that  the  Earth  was  practically  a  hollow 
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-;  here  with  a  s^)licl  crust.  Sir  (Ieorc.e  Darwin's  researches 
c  -miboratc*!  those  of  Kklvin  that  this  condition  was  impos- 
v.hle.  The  Earth  is  five  and  a  half  times  as  heavy  as  a  globe 
•f  water  of  the  same  size — as  that  wonderful  recluse,  Henry 
1  \\».M»isn.  proved  in  1798 — and  could  not  conceivably  be 
h  ::»w.  and  besides  the  idea  conflicted  with  the  tidal  theories. 

AGE  OF  THE  WORLD. 

A!th«iugh  a  great  mathematician  and  a  strong  physical  rea- 
^  ncr.  Sir  Gedrge  Darwin  had  the  merit  to  bear  in  mind  that. 
iN  Hixi-E^'  said,  what  comes  out  of  the  mathematical  mill 
.Ic]<THl«i  largely  upon  what  you  put  into  it.  The  physicist  can- 
n-  t  always  be  certain  of  his  data.  Hence  he  did  not  commit 
■  ""--clf  to  Kelvin's  theory  that  the  Sun's  heat  could  not  have 
li'-tcti  more  than  a  hundred  million  years,  for  he  saw  well 
ct:*  v.^h  the  reasonableness  of  the  demand  of  geologists,  like  his 
fathtr,  for  a  much  longer  period.  Time  justified  the  caution. 
N  fat  lame  CrRiE  discovere<l  radium.  In  radium  we  saw  the 
**'raking  up  of  an  element,  and  the  evolution  of  heat-energy 
nc\er  before  dreamed  of. .  The  geologists  won,  and  now  they 
can  have  the  two  hundred  million  years  or  more  that  long  ago 
they  deemed  necessar>'. 

In  regard  to  another  theor>'.  Sir  Georc.e  Darwin's  calcula- 
tMn%  were  of  ser\'ice  to  geologists.  What  caused  the  Glacial 
Ffwch?  No  physical  problem  is  of  deei^r  interest  in  the  story 
•  •f  the  Earth.  One  favorite  solution  was  that  the  pole  of  the 
Earth  had  changed  its  place  in  past  times.  There  were  certainly 
jien*i«iN  when  plants  grew  near  the  North  Pole  and  near  the 
S-uih  Pole,  sufficient  by  their  remains  to  fomi  beds  of  coal, 
where  to-<iay  there  are  never-melting  ice-caps  hundreds  of  feet 
!h:ok  I5ut  if  the  [)oles  were  not  then  where  they  are  now, 
w?iat  pr'Kiucet!  the  change?  It  was  suggested  that  greater  ac- 
c:!mulations  of  ice  at  various  times  within  the  polar  circles 
a*Ttvted  the  world's  gravitation,  and  shifted  tlic  position  of  the 
I-4rth's  axi**.  Sir  (jEORc.e  Darwin  proved  mathematically  that 
'!•■  ^uch  distribution  of  weight  would  account  for  a  movement 
I  the  worUl's  axis,  except  under  other  simultaneous  conditions, 
.ih'.ch  are  practically  out  of  the  question,  and  so  the  glaciation 
;icn»NK  remain  unaccounte<l  for. 
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Researches  like  those  of  the  late  Plumian  professor  appeal 
to  comparatively  few.  Such  papers  as  "Harmonic  Analysis  of 
Tidal  Observations,"  or  the  application  of  spherical  harmonics 
"to  determine  the  stresses  caused  in  the  interior  of  the  Earth  by 
the  weight  of  continents  and  mountains,"  are  beyond  most 
physicists.  They  engaged  George  Darwin  thirty  years  ago.  It 
would  be  a  mistake  to  suppose  because  they  seem  to-day  in  scrnie 
cases  of  theoretical  value  only,  they  are  of  no  practical  service. 
So  seemed  Clerk  Maxwell's  electro-magnetic  theory  of  light 
forty  years  ago.  It  is  now  the  basis  of  wireless  telegraphy.  In 
the  sublime  field  of  astronomy  George  Darwin  helped  the  ad- 
vancement of  the  theory  of  evolution  in  the  making  of  worlds, 
as  his  noble  father  did  in  the  development  of  organic  life. 


Robert  Caw^^.— Robert  Gauss,  grandson  of  Karl  Friede- 
rich  Gauss,  the  most  distinguished  mathematician  of  the  last 
century,  died  in  Denver  on  Sunday,  January  19th.  He  had 
been  editorial  writer  on  the  Denver  Republican  staff  for  the 
past  twenty-nine  years,  and  was  a  man  of  wide  culture  in  his- 
torical and  scientific  subjects,  and  a  most  kindly  and  lovable 
character.  He  had  given  much  time  to  experiments  upon  the 
growth  and  selection  of  grains  and  vegetables  under  semi-arid 
conditions  of  development,  and  a  bill  is  now  before  Congress 
for  the  establishment  of  an  agricultural  station  in  Colorado  to 
continue  the  research  which  he  had  carried  on  entirely  from 
his  own  funds. 

He  was  61  years  of  age,  and  the  son  of  Eugene  Gauss, 
formerly  of  St.  Louis.  His  brother,  Charles  Henry  Gauss, 
of  St.  Charles,  Missouri,  died  within  a  few  hours  of  Robert 
Gauss,  both  brothers  from  the  same  cause,  heart  disease.  A 
sister  and  two  brothers  survive  them.  There  are  also  cousins 
in  this  country,  descendants  of  the  great  German  mathematician. 

The  Lick  Observatory  possesses  a  portrait  of  Karl  Friede- 
ricii  Gauss,  presented  by  the  grandson,  Robert  Gauss,  nearly 
twenty  years  ago.  There  is  also  a  framed  autograph  letter  in 
our  collection,  written  by  the  grandfather  in  1844  to  his  son 
Eugene,  who  was  married  in  this  country  in  that  year.  The 
letter  had  been  carefully  treasured  by  Robert  Gauss  until  he 
gave  it  to  the  observatory  for  preservation.  R.  H.  T. 


Astronomical  Society  of  the  Pacific,  59 

Ariocxm.'M  to  the  Minutes  of  the  Special  Meeting  of  the 

F-i\BD  OF  Directors  of  the  Astronomical  Society  of 

THE  Pacific,  Held  in  the  Rooms  of  the  Society  on 

xmkmber  30,  1912.  at  2 :00  p.  m.,  to  consider  the 

Award  of  the  Brlxe  Medal  for  the  Year  1913. 

Thetr  wrtx  present  President  H.  D.  Curtis  and  Directors  Aitken, 
r  »»  xuiY,  CaAWTOW*.  Costa,  and  Richardson. 

The  pmxic*  of  Directors  Hale,  Campbeix,  Cashing,  and  McAdie 
•  rre  beW  b>'  AiTKEN.  Cn»Tis,  RicHARDSON,  and  Crawford,  respectively. 

N  icnnutinc  communications  were  read  by  the  Secretary  from  the 
.iirrctor^  of  the  observatories  of  Harvard,  Lick,  Yerkcs,  Greenwich, 
-r-J  Pan* 

\fteT  careful  consideration  of  the  merits  of  the  various  nominees 
-••la  frank  discussion  of  the  policy  which  actuates  the  Society  in  the 
^«-«*i  »al  of  this  me<lal,  a  ballot  was  taken,  resulting  in  the  selection  of 
P',  t  •^..f  J.  C  Kaptevn,  of  Groningen,  Holland,  as  Bruce  Medalist  for 
•*'  >rar  IQIJ.  by  the  unanimous  vote  of  ten  Directors,  as  follows: 
M  I)  CiRTis.  R.  G.  AiTKEN,  R,  T.  Crawford.  S.  D.  Townlev.  J.  Costa, 
l>  S  Rn-H^RDsos.  W.  W.  Campbell,*  Geo.  E.  Hale,*  Chas.  S.  CrsH- 
i'*..  •  and  Aljx.  G,  Mc.^die.* 

in  \yrm  of  the  change  in  the  date  of  the  annual  meeting  from  March 
t  •  Jan-jar>',  at  which  meeting  it  is  aistomary  to  review  the  life  and 
ijfrrr  of  the  recipient  of  the  Bruce  Medal,  a  resolution  was  passed  by 
•»'«-  P.-ard,  suspending  those  provisions  of  the  By-Laws  which  fix  a  date 
f..r  t*^t  tmciticatton  of  the  recipient  and  instnicting  the  Secretary  to 
i..tif\  Profe^^r  Kafteyn  at  once  and  proceed  without  delay  to  secure 
•he  m<'.l4;  from  Paris.  It  was  hoped,  by  this  means,  to  have  both 
t^'e  arreptance  of  Professor  Kaptevn  and  the  engraved  medal  back  in 
•fT-n    f  r  the  Januar>-  meeting.  D.  S.  Richardson, 

Secretary, 


MiM  tj>  <*f  the  Meeting  of  the  Board  of  Directors  of  the 

V^TH»NoMic\L  Society  of  the  Pacific,  Heu>  in  the 

Roiys  of  the  S(k  ietv,  748  Phelan  Bunj)iNc.,  San 

FR-\Ncii^^^o,  on  January  25,  1913,  at  7:15  p.  m. 

P'f  ^i*5mt  H.  D.  CiRTis  in  the  chair.    There  were  also  present  Direc- 
ts-r*  R    T   CaAwroRD.  A,  G.  McAdik,  Charles  S.  Ccshinc,  J.  Costa, 

---•!   I>    S    RiCHlROSON. 

Tbe  mtmite^  of  the  previous  meeting  were  approved  as  printed. 
\  ronununication  was  received  from  Charles  S.  Ci'shinc,  request- 
-THt  tHa:  he  be  elected  to  Life  Membership  in  the  ScKiety.  which  was 


6o  Publications  of  the 

The  name  of  Mr.  James  K.  Lynch  was  proposed  by  Director  Gush- 
ing for  membership  and  favorably  acted  upon. 

Following  a  general  discussion  of  the  finances  of  the  Society,  showing: 
that  some  $6,000  of  its  assets  are  being  carried  in  bank  and  earning 
bank  interest  only,  a  motion  was  made  by  Director  Gushing  and  sec- 
onded by  Director  Gosta,  authorizing  the  Finance  Gommittee,  in  co- 
operation with  the  President,  to  invest,  in  their  discretion,  from  two 
to  three  thousand  dollars  of  the  Society  funds  in  interest-bearing  bonds 
of  approved  security. 

The  resolution  was  carried  by  unanimous  vote. 

There  was  some  discussion  as  to  the  necessity  of  increasing  the 
amount  of  fire  insurance  now  carried  on  the  Library  of  the  Society,  but 
the  conclusion  was  finally  reached  that  the  present  amount  of  one 
thousand  dollars  was  sufficient  for  the  present. 

Informal  instructions  were  given  the  Secretary  to  interview  the  pro- 
prietors of  the  Phelan  Building,  with  a  view  to  ascertaining  if  a  larger 
room  for  the  use  of  the  Society  may  not  be  obtained  for  the  same  rental 
now  paid. 

Adjourned.  D.  S.  Rich-\rdson. 

Sccrctarw 


Annual  Meeting  of  the  Astronomical  Society  of  the 

Pacific,  Held  on  January  25,  1913,  in  the  Assembly  Hall 

OF  THE  Phelan  Building,  San  Francisco,  at  8:00  p.  m. 

The  meeting  was  called  to  order  by  President  H.  D.  Gurtis.  The 
minutes  of  the  previous  annual  meeting,  as  printed  in  the  Publications 
of  April,  1912,  were  approved  without  reading. 

The  chair  called  for  reports  of  committees  as  follows : 

Finance  Committee,  Charles  S.  Cushing,  Chairman. — Mr.  Cushing  made  a 
verbal  report,  showing  the  general  financial  condition  of  the  Society  to  be  pros- 
perous. He  stated  that  he,  together  with  A.  H.  Markwart  and  Dr.  James  I). 
Maddrill,  as  an  Auditing  Committee,  had  examined  the  books  and  accounts  of 
the  Treasurer  and  found  them  correct. 

Publication  Committee,  II.  D.  Curtis,  Chairman. — Dr.  Curtis  reported  a  satis- 
factory condition  of  things  in  the  workings  of  his  committee  and  stated  that  the 
reduction  of  the  membership  of  the  committee  to  two.  and  its  concentration  in  one 
place,  was  greatly  facilitating  the  work  and  enabling  them  to  get  the  Publications 
out  on  time. 

Library  Committee,  D.  S.  Richardson*,  Chairman. — Mr.  Richardson  reported  the 
addition  of  eight  volumes  to  the  library  during  the  past  year,  in  addition  to  numer- 
ous unbound  papers  and  periodicals  received  from  exchanges  and  corresponding 
astronomical  institutions. 

Comet-Medal  Committee.  W.  W.  Campbell,  Chairman. — In  the  absence  of  Dr. 
Campbell,  President  Curtis  read  the  repKjrt  of  this  committee  as  printed  on  pages 
268  and  269  of  the  December,  1912.  Publications.  There  were  three  awards  during 
the  year,  i.  e.  to  Messrs.  Walter  F.  Gale,  of  Sydney;  A.  Borrelly.  of  Marseille, 
and  A.   Schaumasse.  of  Nice. 
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*  *n  nx'tHm  of  Dr.  A.  ().  Leus<'HNer.  seconded  by  Mr.  Charles 
:     1  KHALiUL  the  foregoing  reports  were  received  and  approved. 

Ihc  next  buMnevs  in  order  was  the  election  of  a  Board  of  Directors 
-•>d  a  O^tmnittee  on  Publication  for  the  ensuing  year. 

TSe  Xtmiinating  Grnimittee,  consisting  of  J.  D.  Galloway.  Chairman, 
Mr-w^r*  Allfx  H.  Baikxkk  and  B.  A.  Bairp.  presented  a  report,  making 
••<■  ioUn«ing  nominations: — 

/    r  Members  of  the  Board  of  Directors — R.  G.  Aitken,  G.  E.  Half., 

V  <■  MrNniE,  F.  V.  Cornish,  R.  T,  Crawford,  J.  Costa,  W.  H. 
I  ••■  M«,  D  S  RicHARiisoN.  C.  S.  CrsHiNc,  S.  D.  Townlev,  and  A.  H. 
\|\aK«  %«T 

/    r  PuMtcahoH  Committee — R.  G.  .\itken  and  H.  D.  CrRTis. 

<  Ki  a»i»'.H>n  of  Ln'M'HNER,  seconded  by  Morse,  the  nominations  were 

■  •••  :.irrti  ck>sed  The  chair  appointed  Nfcssrs.  Zifl  and  Paddock  as 
••  ;« r*  and  announced  that,  in  compliance  with  the  provisions  of  the 
I..   I-.wv  the  polls  would  remain  open  until  9:00  p.  m. 

1  *-r  adtlres<  of  the  evening  by  the  retiring  President.  Dr.  H.  D. 
I     »"n*.  «a*  now  given. 

!  >*  Ct  RTiV  subject,  which  was  "Our  Stellar  l'nivcr«ic,"  t>eautifully 
".  •^•••-•fd  with  lantern  slides,  in  addition  to  proving  most  interesting 

■  1  in'^tr-  oti\e  to  aMronomers  and  laymen  present,  was  seized  upon  by 
•'*  *fx*kfr  a-  an  opportunity  to  introduce  the  fine  services  rendered  to 
..*•'  Tvmty  by  the  Bruce  Medalist  of  the  present  year.  Dr.  J.  C.  Kap- 
"»    X.  dirrrtor  (»f  the  Astronomical  LalK>rator>'  of  Groningen.  Holland. 

V  •  fi'-t-k  paid  by  the  lecturer  to  that  distinguished  scientist  was  gen- 
< '.     *  and  r'lttmg 

\i  *hr  c^nchiMon  of  the  lecture,  the  tellers  counted  the  ballots  and 

•  i..<*u-i<l  that  the  officials,  as  above  nominated,  were  unanimously 
*:-    t-l 

\'i*    trncd  D.    S.    RuHARDSON, 

Secretnry. 

K     -aT  iir  THi  Trfamrfr  of  the  Astronomical  S<k-iftv  of  thf  P\cifiv- 

n*t  THE  Last  Ten  Months  of  the  Fisc\l  Ye\r 

Endinc,  Jani'arv  25.  191 3.* 

*  '*-    tU  l^m%,  a«  imrndcd  at  the  mrrting  of  March  30.   191  j.  changed  thr  date 

■  4    'Sr    anr-al   mming   from    March   to  January,   effecting   a   c«rre*pon<Iing  change 
-    ♦**    %«ral   J  ear  of  fbe   Society. 

CKNERAL    ST.VTEMENT. 

T  •  t»r  WtTliaw    \Iv«.nl    fomi    $  5,000  o*» 

Mriamlrr   Montgocnery  I.ibrary  Fund    J.JT-J  *<» 

ttaMM'tMr   Cf>«rtMetUl    Fund    §53   53 

|l«"Bcr    Medal    Fund    •'.934  J** 

Life    MrBbervkifi   Fund    >.974  36 

f<4n   I>i»lb*rr  Fond   5.000  00 

Gcnrral   Fund    6llj   74 


Total $*o.»i7  63 
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Assfts. 

Bonds  in  custody  of  Mercantile  Trust  Co $14,418  02 

Cash  in  Humboldt  Savings  Bank  (Alvord  Fund)   

**         Savings  Union  Bank  (Alvord  Fund)    

*'         Savings  Union  Bank  (Comet  Fund)   

"         Security  Savings  Bank  (Library  Fund)    

"         Mutual  Savings  Bank  (Bruce  Medal  Fund) 

"         German  Savings  and  Loan  Society   (Life  Membership  Fund). 
Union  Trust  Co.  (Dolbeer  Fund)   

"         Donohoe-Kelly  Banking  Co.   (General  Fund)   

Total $20.21 7  63 

STATEMENT    BY    FUND. 

-^  WiLiAM  Alvord  Fund. 

Dr. 

To  Balance  March  30,   1912   $  5,000  00 

Bond  Interests  for  year    200  00 

Bank  Interests  30  71 


305 

74 

454 

70 

853 

53 

613 

78 

944 

48 

974 

36 

970 

28 

68a 

74 

$20,217 

63 

$  S.230  71 

Cr, 
By  Transfers  to  General  Fund    230  71 


Balance  January  25.   191 3   $  5,000  00 

_  Alexander   Montgomery   Library   Fund. 

Dr. 

To  Balance  March  30,  1912   $  3,777  82 

Bond  Interests  for  year    1 50  00 

Bank    Interests    24  98 


$  3»9S2   80 
Cr. 
By  Transfers  to  General  Fund    180  00 


Balance  January  25,   191 3   * $  3,772  80 

_.  DoNOHOE   Comet-Medal    Fund. 

Dr. 

To  Balance  March  30,   1912   $      820  41 

Bank  Interests  for  year   33   12 


Balance  January  25,   1913    $      853  53 

„  Bruce  Medal  Fund. 

Dr. 

To  Balance  March  30.   1912    $  2.945  84 

Bond  Interests  for  year    50  00 

Bank  Interests 38  36 


$  3.034  20 
Cr. 
By  Check  on  Anglo  &  London-Paris  National  Bank — Medal  for  1913 —  100  00 


Balance  January  25,   1913   $  2,934  20 
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f^  Lirx    MiMBEUBip   Fund. 

7.-    B*U*cc   March  jo,  191*   $  1,974  36 

Bond  lotcmts  for  year    40  00 

BMik   Intcrcats  39  33 

$  a,o$3  69 
Cr. 
r »    Tr«mlcr»  to  General  Fand    79  n 

lUlaoce  January  2%,  1913   %  1,974  36 

.^^  John  Dolbem  Fund. 

T-a  lUlaac*   Marrh  jo,   19* J   $  S>ooo  00 

Iknvd   lofrmtt  for  year    140  00 

Bank    Intrrrtt* 36  70 

%  $.176  70 
Cr. 
It  ?    T  •-an«lrr«  to  General   Fund    1 76  70 

Balanrg  Jannary  35,   1913    %  5.000  00 

-.  General    Fund. 

xV. 

Ta   Balaarc   Marcli  jo.   1912    $  847   10 

WUlaaa   ^\lvord   Fond    130  71 

IJfarary   Fmd   180  00 

Lffr   Membership  Fund   79  33 

lt>h«    l)ott>eer   Fond    17670 

Brace  Medal  Food 100  00 

!*•«»    ai9  75 

>alc  of  t'ubiMmt^cmt 11   00 

Total %  1,844  59 

Cr. 

tt«    Blasr-Mordoek  Co..   for  priotinf    $  57350 

Scnrke    ,....«....  1000 

Co«Dct  MedaU  491 

r«tt«« 17  63 

Brver  Medal  Fond   1 00  00 


202  so 

>«lary   of   Secretary- Treasorer    300  00 

Ml  Mill  I  ihip   I>ae«  Pacific   .\aftociatioo  of  S.   S 5  00 

Taxca 1466 

laasraacc  on  Library 7  50 

R.  G.  Aitken,  for  Janitor  at  Lick 5  00 

Kotary  Fees  and  Eaprriiige   i  05 

Safe  IkcpoMt  Box   4  00 

Mrrcurtile  Trost  Co.  —Care  of  Bonds 1 4  00 

Car4s  for  Library  Index 2  10      1.161   85 

Balance  January  21,  1913 (    682  74 

The  following  i»  a  detailed  description  of  the  fourteen  bonds  owned 
K«  the  Aftrufiomical  Society  of  the  Pacific  and  held  in  deposit  by  The 
Mercantile  Truit  Company  of  San  Francisco,  at  464  Gilifomta  Street. 


64  Publications  of  the 

These  securities  arc  all  of  the  face  denomination  of  $1,000,  and   the 
values  given  represent  their  original  cost  to  the  Society: — 

Life  Membership  Fund. 

One  South  Pacific  Coast  Railroad  Company's  ist  mortgage,  guar- 
anteed 4  per  cent  Gold  Bond,  No.  3406.     Principal  due  July.  1937: 

interest  payable  in  January  and  July    $   i  ,000  00 

Alexander  Montgomery  Library  Fund. 

One  Oakland  Transit  consolidated  ist  consolidated  mortgage  5  per 
cent  Gold  Bond,  No.  4328.  Principal  due  July,  1932;  interest  pay- 
able in  January  and  July 1 ,040  00 

One  Sunset  Telephone  and  Telegraph  Company's  consolidated  mort- 
gage 5  per  cent  Gold  Bond,  No.  641.     Principal  due  October,  1929; 

interest  payable  April  and  October  1 ,084  oa 

One  Contra  Costa  Water  Company's  5  per  cent  Gold  Bond,  No.  1665, 

Principal  due  January,  191 5 ;  interest  payable  January  and  July..       1,035  00 
Bruce  Medal  Fund. 

One  Bay  Counties'  Power  Company  1st  consolidated  mortgage  5  per 
cent  sinking  fund  Gold  Bond,  No.  1636.     Principal  due  September, 

1930;  interest  payable  in  March  and  September   \.0\2  50 

One  Edison  Electric  Company,  Los  Angeles,  1st  and  refunding  mort- 
gage 5  per  cent  Gold  Bond,  No.  6836.     Principal  due  September, 

1922 ;  interest  payable  in  March  and  September  977  22 

John  Dolbeer  Fund. 

One  South  Pacific  Coast  Railway  Company's  ist  mortgage  4  per  cent 
guaranteed  Gold  Bond,  No.  3407.  Principal  due  July,  1937;  inter- 
est payable  in  January  and  July 1 ,000  00 

One  Oakland  Transit  Consolidated  1st  consolidated  mortgage  s  per 
cent  Gold  Bond,  No.  4329.  Principal  due  July,  1932;  interest  pay- 
able January  and  July   1 ,040  00 

One  Bay  Counties  Power  Company's  ist  consolidated  mortgage  5  per 
cent  sinking  fund  Gold  Bond,  No.  1637.     Principal  due  September, 

1930;   interest  payable  in  March  and  September   1,012   50 

One  Edison  Electric  Company,  Los  Angeles.  1st  and  refunding  mort- 
gage 5  per  cent  Gold  Bond.  No.  6837.     Principal  due  September, 

1922 ;   interest  payable  March  and   September    977   22 

U'illiam  Alvord  Fund. 

Two  Sunset  Telephone  and  Telegraph  Company's  consolidated  mort- 
gage  5    per  cent  Gold    Bonds,   Nos.    656   and   657.     Principal   due 

October,    1929;   interest  payable  in  April  and  October   2,168  06 

Two  Contra  Costa  Water  Company's  5  per  cent  Gold  Bonds.  Nos. 
87  and  1666.  Principal  due  January,  191 5;  interest  payable  in 
January  and  July 2,071    50 

Total,   14  bonds,  value    $14,418  02 


Outstanding  bills  against  the  Society,  none. 
Membership  dues  remain  unpaid  as  follows: — 

For  the  year  1910 $  35  00 

"      **       "      191 1    80  00 

**      "       **      1912    17000 

Total    $  285  00 
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TV  present  membership  of  the  Society  is  as  follows: — 

I..le    UrmJtttt%    58 

Vf  »«   MciU-iB    123 

I- *r  *dtiofful  Member* 34 

Total    2\s 

FcrkajiCra a8 

«    '•'t^potulmc  Inttitatkm* 98 

New    Mcwbrn  elected  dnring  the  year    8 

&#«.«"ar>«t 6 

I hrstka  of   Member*  reported    3 

Respectfully  submitted, 

D.  S.  Richardson. 

Treasurer. 

The  f»»re^)ing  account  has  been  examined  and  found  correct. 

Charles  S.  Gushing, 
A.  H.  Markwart, 
J.  D.  Maddrill, 

Auditing  Committee. 


MrrTiNc  OF  the  New  Board  of  Directors  of  the  Astro- 
nomical Society  of  the  Pacific  onJanuary  25,  1913, 
IS  the  R(x)ms  of  the  Society,  748  Phelax  Build- 
ing, San  Fil\ncisco,  California,  at  9:30  p.  m. 

Pre»etit  Directors  R.  T.  Crawford,  Charles  S.  Cushing,  A.  H. 
VI%mKWArr,  F.  V.  Cornish,  J.  Costa,  and  D.  S.  Richardson. 

On  motion  of  Cashing,  seconded  by  Crawford,  the  name  of  A.  G. 
MrAmE  was  pat  in  nomination  for  President  for  the  ensuing  year,  and 
:hat  gentleman  was  unanimously  elected. 

The  organization  of  the  new  Board  of  Directors  was  then  completed 
*iy  the  unanimous  election  of  the  following  officers  to  serve  for  the 
rnouing  year : — 

For  First  Vice-President— R.  G.  Aitken. 
For  Second  Vice-President — R.  T.  Crawford. 
For  Third  Vice-President—}.  Costa. 
For  Secretary-Treasurer — D.  S.  Richardson. 
For  Secretary  on  Mount  Hamilton — R.  G.  Aitken. 
For  Library  Committee — Messrs.    Richardson,  Costa   and 
Mark  wart. 
On  motion,  duly  seconded  and  carried,  it  was  resolved  that  the  time 
fcic  boidtng  the  next  meeting  of  the  Society,  which  nominally  falls  in 
MATcfa,  sboald  be  left  to  the  discretion  of  the  President  and  Secretary 
in  oilier  that  it  might  be  adjusted,  if  thought  desirable,  to  the  April 
uMttiug.  in  Berkeley,  of  the  Pacifk  Association  of  Scientific  Societies. 
Adi'mmed.  D.  S.  Richardson, 

Secretary. 
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OFFICERS  OF  THE  80CISTY 

Mr.  Alex.  G.  McAdie   President 

Mr.   R.   G.   AiTKEN    First   Vice-President 

Mr,   R.    T.    Crawford    Second   Vice-President 

Mr.   T.    Costa    Third   Vice-President 

Mr.   t).   S.   RicHARnsoN    Secretary-Treasurer 

Mr.  R.  G.  AiTKZN   Secretary  on  Mount  Hamilton 

Board  of  Directors — Messrs.  Alex.  G.  McAdie,  R.  G.  Aitken,  R.  T.  Crawford,  J. 

Costa,  D.  S.  Richardson,  W.  H.  Crocker,  S.  D.  Townley,  G.  E.  Hale,  F.   V. 

Cornish,  C.  S.  Cushing,  A.  H.  Markwart. 
Finance  Committee — Messrs.  C.  S.  Cushing,  W.  H.  Crocker,  A.  H.  Markwart. 
Publication  Committee — Messrs.  R.  G.  Aitken,  H.  D.  Curtis. 
Library  Committee — Messrs.   D.  S.   Richardson,  J.  Costa,  A.  H.  Markw^art. 
Comet-Medal  Committee — Messrs.  W.  W.  Campbell,  S.  U.  Townley,  H.  D.  Curtis. 

NOTICE 

Article  VI T I  of  the  By-Laws  of  the  Society,  as  amended  in  1903,  reads  as 
follows:  "Each  active  member  shall  pay,  as  annual  dues,  the  sum  of  five  dollars, 
due  on  the  first  dav  of  January  each  year  in  advance.  When  a  new  member  is 
elected  during  the  first  quarter  of  any  year,  he  shall  pay  full  dues  for  such  year; 
when  elected  during  the  second  Quarter,  he  shall  pay  three  fourths  only  of  such 
dues;  when  elected  during  the  third  quarter,  he  shall  pay  one  half  only  of  such  dues; 
when  elected  during  the  last  quarter,  he  shall  pay  one  fourth  only  of  such  dues; 
provided,  however,  that  one  half  only  of  the  dues  in  this  article  provided  for  shall 
be  collected  from  any  member  who  is  actually  enrolled  as  a  student  at  a  university, 
seminary,  high  school,  or  other  similar  institution  of  learning,  during  such  time 
as  he  is  so  enrolled.  .  .  .  Any  member  may  be  released  from  annual  dues  by  the 
payment  of  fifty  dollars  at  any  one  time,  and  placed  on  the  roll  of  life  members  by 
the  vote  of  the  Board  of  Directors,  .  .  ." 

Volumes  for  past  years  will  be  supplied  to  members,  so  far  as  the  stock  on  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries. 
Single  copies  will  be  supplied  on  the  following  basis:  one  dollar  to  non-members, 
seventy-five  cents  to  dealers,  and  fifty  cents  to  members. 

Members  within  the  United  States  may  obtain  books  from  the  library  of  the 
Society  by  sending  to  the  Secretary  ten  cents  postage  for  each  book  desired. 

The  order  in  which  papers  are  printed  in  the  Publications  is  decided  simply  by 
convenience.  In  general,  those  papers  are  printed  first  which  are  earliest  accepted 
for  publication.  Papers  intended  to  be  printed  in  a  given  number  of  the  Publica- 
tions should  be  in  the  hands  of  the  Committee  not  later  than  the  20th  of  the  month 
preceding  the  month  of  publication.  The  responsibility  for  the  views  expressed  in 
the  papers  printed,  and  for  the  form  of  their  expression,  rests  with  the  writers,  and 
is  not  assumed  by  the  Society.  Articles  for  the  Publications  should  be  sent  to  the 
chairman  of  the  Committee  on  Publication,  R.  G.  Aitken,  Lick  Observatory,  Mt- 
Hamilton,  California. 

Reprints  of  the  longer  articles  appearing  in  the  Publications  will  be  furnished 
free  of  cost,  without  covers,  to  the  number  of  fifty  copies,  provided  the  rec^uest  for 
such  reprints  is  made  at  the  time  the  manuscript  is  submitted.  Binding  in  paper 
covers,  or  copies  in  excess  of  fifty,  will  be  furnished  at  cost  price. 

Regular  meetings  of  the  Society  are  held  in  San  Francisco  or  vicinity  on  the 
last  Saturdays  of  January,  March,  June,  and  November,  and  at  the  Lick  Observa- 
tory on  the  last  Saturday  of  August.  Members  who  propose  to  attend  a  meeting  at 
Mount  Hamilton  should  communicate  with  the  Secretary-Treasurer,  in  order  that 
arrangements  may  be  made  for  transportation. 


PUBLICATIONS  ISSUED   BI-MONTHLY. 
(February,  April,  June,  August,  October,  December.) 
Published  by  the   Astronomical   Society  of   the   Pacific   at  748   Phelan   Building. 
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THE    MAGNITUDE   SCALE   OF   THE 
DURCHMUSTERUXG. 


By  R.  H.  Ti  cKEit 


At  the  August,  1912,  meeting  of  the  Astronomical  and  Astro- 
f>h\Mcal  Society,  Professor  E.  C  Pickering  presented  a  paper 
which  included  a  comparison  of  the  photometric  magnitudes, 
imblished  in  volumes  70  and  74  of  the  Han*ard  Annals,  with 
the  magnitudes  of  the  Bonn,  Cordoba,  and  Cape  volumes  of  the 
Ourchmustcrung.  The  brief  abstract  of  this  comparison,  print- 
ctl  in  Science,  Xo.  940,  of  January  3,  1913,  gives  only  the  results 
at  the  fainter  end  of  the  D.  M.  scale,  and  some  indications  of 
\-ariatiun  in  the  scale  of  the  southern  portions. 

There  arc  four  separate  parts  in  the  scheme  of  the  Durcfp- 
m»tsferun(^,  thus  referred  to;  and  the  northern  and  southern 
|Krtnion5.  observed  at  Bonn,  should  be  treated  individually.  The 
northern  sky  was  covered  by  Argelander,  and  the  limit  of 
brijijhtness  to  which  the  scheme  was  designed  to  be  complete 
m  a>  ^t  at  ninth  magnitude.  The  observations  were  made  with 
a  three-inch  telescope,  with  dark  field,  and  the  faintest  stars 
included  were  called  gyj,  though  this  limiting  grade  was  cer- 
tainly an  elastic  one,  and  many  stars  fainter  than  9.5,  on  his 
scz\e,  were  observed. 

The  elastic  nature  of  the  lowest  grade  is  of  importance  to 
tih^rvcr^,  when  selecting  stars  from  the  northern  scheme.  Stars 
retrtinkrd  as  o.i  to  94,  for  instance,  have  been  determined  by 
^c^eral  observations,  in  which  some  of  the  estimates  were 
bn;:hter  than  o»'j.  and  the  mean  value  for  any  star  will  prob- 
afil>  be  finind  to  represent  its  brightness  on  the  Argelander 
^calc      But  for  9.5  this  relation  no  longer  holds,  and  a  star  of 
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that  grade  may  be  very  much  fainter,  down  to  the  faintest 
observed.  The  faintest  star  visible  should  have  been  below 
eleventh  magnitude,  and  it  is  nearly  certain  that  some  tenth- 
magnitude  stars  are  included. 

The  next  adjoining  portion  of  the  Durchmusterung  extends 
to  23°  south,  and  was  observed  by  Schonfeld,  who  had  been 
associated  with  Argelander  in  the  observation  of  the  northern 
sky.  While  his  previous  experience  should  have  assured  the 
extension  of  the  same  scale  of  magnitudes  to  the  southern  sky, 
the  circumstances  were  somewhat  changed.  He  observed  with 
a  six-inch  telescope,  the  limit  of  visibility  of  which,  with  a  dark 
field,  should  have  been  thirteenth  magnitude.  But,  in  order  to 
insure  greater  precision  in  the  places  of  the  stars,  he  used  a 
slightly  illuminated  field,  and  his  visible  limit  of  brightness  was 
accordingly  changed.  His  design,  also,  was  to  include  all 
stars  to  the  magnitude  9J^,  and  he  observed  and  recorded  his 
grades  down  to  tenth  magnitude.  His  catalogue  includes  an 
average  of  eighteen  stars  to  the  square  degree,  while  the  cata- 
logue of  the  northern  sky  includes  fifteen  to  the  square  degree. 

The  Cordoba  Durchmusterung,  which  began  at  — 22^,  thus 
overlapping  one  degree  on  Schonfeld,  was  also  planned  to 
extend  the  Argelander  scale  of  magnitudes  to  the  southern 
sky.  Our  preliminary  practice  was  done  on  portions  of  the 
northern  zones,  with  careful  comparison  and  discussion  of  re- 
sults, usually  made  on  the  day  following  the  observations  of  a 
night.  There  is  probably  no  class  of  observing  that  demands 
more  thorough  special  training.  The  aims  of  the  Durchmus- 
terung may  be  described  as  the  complete  inclusion  of  all  stars 
to  a  definite  limit  of  brightness,  the  ranking  of  all  the  stars 
observed  on  a  graded  scale  of  brightness,  and  the  substantial 
precision  of  the  places  of  the  stars  within  the  limits  of  error 
allowed  for  this  class  of  work.  These  limits  are,  of  course, 
greater  than  those  of  instrumental  measures,  but  should  be 
within  those  necessary  for  the  certain  identification  of  the  stars. 
The  importance  of  the  several  aims  takes  precedence  in  this 
order. 

Atmospheric  absorption  plays  a  part  in  diminishing  the  ap- 
parent brightness  of  the  stars,  noticeable  only  at  low  altitudes. 
Its  effect  upon  the  stars  observed  by  Argelander  would  not 
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ha\T  much  exceeded  a  tenth  of  a  unit,  down  to  the  equator. 
The  effect  on  the  comparisons  made  at  Cordoba,  with  the 
ntirthern  zones,  would  be  still  less.  On  the  other  hand,  for  the 
*•  i»e^t  ahitudes  at  which  Schonfeld  observed,  the  absoq)tion 
» ■  <il<i  amount  to  0.6  magnitude.  Of  course,  the  observer,  for 
\-er>-  low  altitudes,  can  make  allowance  for  the  effect,  if  it  may 
I*  *<Ti*ible.  The  Cordoba  observations  were  all  made  at  small- 
h-  -ur  angles,  and.  for  the  work  hitherto  published,  the  amount 
•  f  ah**  »rption  has  probably  been  negligible. 

The  ilhimtnation  of  the  field  of  view  will  cut  down  the  limit 
«  f  vi'-ihiUty  and  might  affect  the  scale,  but  should  not  sensibly 
change  the  relative  sequence  in  the  grades  of  magnitude.  No 
« ■*>**r\'ations  were  made  at  Cordoba  when  any  sky  illumination 
fr-.m  the  Moon,  though  below  the  horizon,  could  be  detected. 
The  brighter  background  of  the  sky  in  the  Milky  Way  can 
tie  owiceived  as  affecting  the  scale,  in  the  manner  of  artificial 
iT'iniination,  so  that  visual  D.  M.  estimates  might  be  too  faint 
m  that  region. 

The  plan  at  Cordoba  was  to  include  all  stars  of  the  tenth 
ma<»nitude,  and,  in  order  to  be  sure  of  accomplishing  this 
ert.l,  many  stars  fainter  than  that  grade  were  observed,  con- 
•o-u^ly  so  very  often.  The  published  grade  10  is  then  an 
cla-.tic  grade,  as  was  Arcelander*s  9.5,  and  while  the  scale  up 
t*'  M*;,  inchisive,  represents  the  mean  of  several  estimates  in 
each  case,  and  is  a  definite  sequence  of  grades,  the  10  may  rep- 
rr^^m  *tars  decidedly  fainter  than  the  position  assigned  to 
them  in  the  scale.  The  observations  were  made  with  a  five- 
mch  telescope,  for  which  the  visible  range  would  not  extend 
Ttxii  bek)w  twelfth  magnitude.  For  the  first  twenty  degrees, 
the  (ib^ervaticms  were  made  with  a  dark  field;  and  a  test  made 
M  m>!irlf  in  the  search  for  a  twelfth-magnitude  asteroid,  upon 
the  faintest  stars  seen,  identified  the  missing  object.  No  effort 
«a«  irt^inarily  made  to  reach  the  faintest  stars  visible,  and  it 
1%  pnixable  that  no  stars  fainter  than  eleventh  magnitude  are 
TKludcd.  though  that  limit  may  have  been  reached. 

Imcmal  evidence  of  the  character  of  the  scale  may  be  found 
m  the  distribution  of  grades  by  the  count  of  stars  in  the  cata- 
p^n^.  and  such  evidence  was  published  in  my  note  in  the 
Asfrofkysical  Journal  for  May,   1808.     In  that  note  it  was 
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shown  that  the  Cordoba  Durchmusterung  includes  a  total 
equivalent  to  that  of  all  the  stars  to  the  magnitude  lo^,  on 
its  own  scale.  The  grade  io>i  would  not  be  complete,  on  this 
basis,  but  enough  stars  fainter  than  that  grade  would  be 
included  to  bring  the  total  number  up  to  the  summation  of 
all  to  ioj4  inclusive. 

After  my  departure  from  Cordoba,  when  the  third  ten-degree 
section  had  been  about  one  fifth  completed,  the  observations 
were  made  with  a  faintly  illuminated  field.  While  this  may 
have  produced  an  effective  increase  in  the  precision  of  the 
places,  it  is  certain  to  have  cut  down  the  limit  of  visibility,  and 
it  is  not  likely  that  anything  as  faint  as  eleventh  magnitude 
would  have  been  observed,  in  the  continuation,  mainly  from 
42°  south.  This  change  of  observing  practice  is  important, 
in  view  of  the  difference  in  scale  found  for  the  two  portions 
by  Professor  Pickering,  which  will  be  made  the  subject  of 
further  illustration  later. 

The  Cordoba  Durchmusterung  has  been  published  for  the 
thirty  degrees,  22  to  52,  and  the  next  following  ten  degrees 
was  observed  by  Dr.  Thome,  and  was  practically  all  reduced 
before  his  death.  The  published  part  contains  fifty-seven  stars 
to  the  square  degree.* 

The  fourth  part  of  the  Durchmusterung,  done  at  the  Cai>e 
of  Gkx)d  Hope,  covers  the  southern  sky  from  19°  south  by 
photographic  methods,  thus  including  parts  of  the  areas  covered 
by  ScHONFELD  and  at  Cordoba.  The  places,  derived  from  the 
measures  of  the  plates,  are  much  more  precise  than  those  of  the 
visual  Durchmusterung,  The  published  magnitudes  vary  great- 
ly in  their  limits  for  various  parts  of  the  sky,  ranging  from  9.6 
to  eleventh  magnitude,  and  below.  From  my  own  discussion 
and  comparison  of  its  scale,  as  well  as  from  estimates  of  others, 
the  photographic  list  may  be  credited  as  pretty  certainly  includ- 
ing all  stars  to  the  magnitude  9.0  of  the  visual  scale,  excepting 
very  red  stars.  Below  that  point  it  includes  various  numbers  of 
stars  in  different  portions;  nowhere,  however,  certainly  com- 
plete to  a  fainter  grade  than  ninth. 

The  scale  of  magnitudes  is  based  upon  that  of  the  Cordoba 

*  The  proportion  of  C6rdoba  to  Argelandek,  57  :  15  =  3.8,  is  closely  that  called 
for  by  the  theoretical  extension  of  the  summation  of  the  stars  to  one  extra  unit  of 
the  visual  scale. 
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Zom^  CatOkO^ur,  the  observations  of  which  were  all  made  by 
I>r.  H.  A.  (kK.'LD.  The  measurements  of  the  photographic 
maifc*  were  compared  with  this  scale,  and  curves  were  derived 
t'»  represent  all  parts.  This  would  only  carry  the  magnitudes 
«i'»mTi  to  about  9^4;  for  stars  estimated  as  fainter  than  that 
i:^a«l*,  in  the  Zone  Catalogue,  were  pretty  certainly  observed 
ontkrr  unfavorable  conditions,  and  have  been  found,  in  the 
OT?npari<ons  with  D.  M.,  to  be  at  least  as  bright  as  the 
average  o*j  of  the  same  scale.  In  obtaining  the  constants  of 
re«  Auction  for  the  D.  M.  places,  I  used  every  star  from  the 
Z^^me  CaSaioQHC  that  falls  within  the  first  twenty  degrees.  The 
r  *ie  estimates  of  magnitude  were  generally  fainter  than  those 
'^f  the  D-  Nf.,  the  average  difference  amounting  to  one  quar- 
ter at  ninth  magnitude.  In  the  comparison  of  the  photo- 
in^fihic  scale  with  the  visual,  in  the  note  in  the  Astraphysical 
I  'mrnai  referretl  to  above,  the  estimates  of  the  photographic 
r>  M.  mere  found  to  be  in  general  about  a  quarter  of  a  mag- 
n-twle  fainter  than  the  visual  outside  the  Milky  Way;  and 
nearly  a  quarter  brighter  in  some  portions  of  the  Milky 
Way.  This  apparent  change  in  scale  corresponds  with  the 
^^tatcment  of  Kapteyn  that,  as  compared  with  the  visual  D.  M., 
the  fainter  stars  of  the  Zone  Catalogue  have  been  estimated 
ha!f  a  magnitude  brighter  in  the  Milky  Way  than  at  the 
P  !e*  of  that  belt. 

These  funnts  are  necessary  to  be  considere<l  in  the  relation 
■•f  the  various  scales,  all  of  which  are  really  extensions  beyond 
the  hasi<  of  comparison,  which,  for  the  visual  scale,  is  the 
men-established  and  generally  accepted  magnitude  scale  of 
\t»  fi_\NDEH.  In  volume  23.  Hansard  Annals,  page  183.  the 
;«S -tncnetric  scale  is  stated  to  be  a  quarter  of  a  magnitude 
Vighter  than  the  visual  D.  M.  at  ninth  magnitude,  with  irreg- 
n!ar  variations  in  the  difference  for  the  brighter  stars. 

Tl*c  |)bot<mietric  scale,  while  it  is  made  up  from  measures 
■  f  c*Tfnparative  brightness,  has  been  finally  reduced  to  the 
^^^•lal  Mamlard.  as  nearly  as  possible.  For  the  fainter  stars. 
the  vrale  is.  in  general,  an  extension  beyond  the  base  of  com- 
fan^m,  as  in  the  visual  estimates.  The  Harvard  photometric 
work  has  been  mainly  done  with  three  separate  instruments 
ar*l  ha*  been  made  up  of  many  sections.    The  first  photometer 
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had  a  tele|cope  ol  V/i  inches  aperture,  and  Polaris  was  em- 
ployed for  a  comparison  star.  This  was  succeeded  by  a  four- 
inch  telescope,  and  k  Utscb  Mmor  6.6  was  used  for  faint  stars, 
as  well  as  Polaris,  For  the  southern  sky  <t  Octantis,  magnitude 
5-5,  was  used  as  a  comparison  star ;  and  throughout  the  photo- 
metric work  many  circumpolar  stars  were  referred  to  as 
standards.  In  the  latest  photometer,  largely  used  in  the 
southern  hemisphere,  a  1 2-inch  telescope  was  employed,  and 
an  artificial  star  of  about  the  equivalent  of  sixth  magnitude 
was  used  for  comparisons.  The  results  of  this  last  photometer 
appear  to  have  been  reduced  to  the  scale  of  the  4-inch,  by 
comparisons  of  the  measures  common  to  both  instruments. 
Large  variations  of  wedge  values  have  been  included  in  the 
reduction  of  the  photometric  measures.  Thus  we  find  in  a 
late  publication.  Harvard  Annals,  72,  page  82,  that  the  wedge 
constant  varied  1.37  magnitude  through  a  range  of  thirty-two 
divisions,  following  the  first  twenty-eight  divisions.  Beyond 
the  part  of  the  scale  where  sufficient  comparisons  can  be  made 
with  visual  estimates,  the  photometric  measures  must  have  a 
considerable  amount  of  uncertainty. 

Thus  far  the  separate  scales  have  been  given  in  outline.  The 
brief  abstract  in  Science,  referred  to  in  the  first  paragraph 
above,  has  led  me  to  supplement  its  figures  by  a  more  detailed 
comparison  of  the  scales,  taken  from  the  same  sources.  Suf- 
ficient comparisons  have  been  taken  from  the  two  series  at 
Bonn  and  from  — 24°  Cordoba  to  give  the  general  trend  of 
the  respective  differences,  the  published  results  in  HanHxrd 
Annals,  70,  having  furnished  the  figures  in  convenient  form. 

The  results  of  the  comparisons  are  tabulated  below,  as  cor- 
rections to  the  visual  scales,  given  by  the  photometric  scale. 
The  first  column  gives  the  magnitude  from  the  visual  D.  M. 
The  corrections  to  Argelander,  Schonfeld,  and  Cordoba 
follow  in  order,  tabulated  for  each  tenth  magnitude,  and  com- 
bined for  approximate  quarter  magnitudes.  The  plus  signs 
indicate  that  the  visual  estimates  are  brighter  than  the  photo- 
metric. The  lowest  grade  of  Argelander  and  that  of  Cor- 
doba are  bracketed,  because  they  represent  elastic  estimates, 
as  already  explained.  The  lowest  grade  of  Schonfeld  appears 
to  correspond  to  the  rest  of  his  scale  above. 
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A  Visual  D.M. 

Mag.      Arg.  N.D.M. 

Sch.  S.D.M. 

Cor.  D.M.  —24** 

C  — A     C  —  S      S  — A 

8.5    ~O.I 

—0.1 

+  0.1  +0.1 

+  0.5 

+  0.5 

+  0.6    +  0.4    +  0.2 

8.6        0.0 

+  0.4 

+  0.5 

8.7          0.0 

+  0.2 

+  0.5 

8.8    +0.1 

0.0 

+  0.3  +0.3 

+  0.5 

+  0.5 

+  0.5     +0.2     +0.3 

8.9          0.0 

+  0.3 

+  0.6 

9.0     +0.1 

+  0.1 

+  04  +0.4 

+  0.6 

+  0.6 

+  0.5     +0.2     +0.3 

9.1  +0.3 

+  0.6 

+  0.8 

9.2  +0.3 

+  0.4 

+  0.7  +0.7 

+  0.8 

+  0.8 

+  04    +0.1    +0.3 

9.3  +0.5 

+  0.8 

+  0.8 

9.4   +0.6 

+  1.0 

+  0.9 

95    +1.4I 

[+1.4] 

+  1.1  +1.1 

+  1.1 

+  1.1 

[—0.3]      0.0  [— 0.3I 

9.6 

+  1.1 

+  1.2 

97 

+  1.2 

+  1.1 

9.8 

+ 1.4  + 1.4 

+  1.6 

+  1.4 

0.0 

9.9 

+  1.6 

+  1.4 

10 

+ 1.3  + 1.3 

+  1.8  [+ 1.8] 

[+0.5] 

Average  A. 

+  ^    +^    +34 

This  table  illustrates  the  relation  between  the  photometric 
and  visual  scales,  for  the  faint  stars,  but  it  gives  no  indication 
of  which  corresponds  to  the  intrinsic  brightness  of  the  stars 
included.  The  photometric  scale  is  evidently  much  the  longer, 
for  the  range  of  brightness  represented ;  that  is,  photometric 
estimates  have  a  range  of  at  least  three  units  of  magnitude, 
where  the  visual  have  two.  Photometric  measures  of  the 
faintest  stars  of  Schonfeld  go  to  twelfth  magnitude  and 
beyond,  and  of  the  faintest  of  Cordoba  to  thirteenth  and  beyond. 
It  is  not  likely  that  stars  so  faint  could  have  been  seen,  during 
the  observations  of  either  visual  scheme,  and  the  lowest  esti- 
mates of  the  photometric  are  unquestionably  too  faint.  The 
photometric  estimates  of  Argelander's  9.5  go  down  to  twelfth 
magnitude  and  below,  fainter  stars  than  would  have  been 
visible  in  his  telescope.  His  9.5  are  apparently  nearly  all 
estimated  on  the  photometric  scale  as  fainter  than  10. 

The  figures  of  the  table  may  be  taken  as  a  general  confirma- 
tion of  the  brief  statement  of  Professor  Pickering  in  the  note 
referred  to  at  the  beginning  of  this.  Combining  the  results 
of  the  two  sections  of  Bonn,  those  of  Argelander  and  of 
Schonfeld,  the  photometric  estimates  are  about  one  unit  of 
magnitude  fainter  than  the  visual  at  9J/2,  but  Schonfeld*s 
estimates  are  apparently  one  quarter  brighter  than  Argel- 
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^Ni-tJi^  at  that  point  of  the  scale.  The  photometric  estimates 
are  one  and  a  half  units  fainter  than  Cordoba,  at  the  real  10 
•  »f  the  scak  of  the  latter,  which  is  in  close  agreement  with 
SiHoxFFXD  from  nine  to  ten.  As  the  Cordoba  10  includes 
7nan\  stars  really  estimated  as  fainter  than  true  10  on  its  own 
^<:ale,  the  mean  of  the  photometric  estimates  for  that  g^ade 
C"\ers  a  wide  range,  over  two  units  of  the  photometric  scale. 
During  part  of  the  Cordoba  work  it  was  the  custom  to  record 
^tars  fainter  than  10  by  the  letter  a,  but  the  practice  was  not 
c<  tntinued  long.  In  combining  individual  estimates,  this  grade  a 
wan  treated  as  10  in  the  early  work.  But  in  the  later  volume, 
42  to  52-  south  declination,  this  g^de  was  apparently  called 
ele\cnth  magnitude,  and  there  are  a  few  stars  printed  as  10.5 
m  this  later  section.  The  change  in  the  Cordoba  scale  below 
4J*  may  be  explained  by  the  change  in  observing  practice, 
already  noted  in  the  preceding  description.  Further  discussion 
•>f  the  two  areas,  which  I  expect  to  complete  soon,  will  make 
thi^  difference  evident. 

S»nie  light  upon  the  respective  scales  can  be  sought  in  the 
determination  of  the  so-called  absolute  scale  of  magnitude, 
boiN^l  upon  counts  of  the  stars ;  and  this  point  I  hope  to  take 
up  later,  with  material  already  partially  reduced. 

The  abstract  of  the  note  of  Professor  Pickering  gives  the 
averaj:e  deviation  between  the  photometric  and  the  photo- 
sn"aphic  magnitudes,  after  applying  corrections  for  the  class  of 
plectrum  to  the  latter.  These  deviations  were  found  to  be 
:^  o  2  magnitude,  after  having  been  reduced  one  half  by  group- 
ing ^tar^  on  the  same  plate.  In  my  comparison  between  the  Cor- 
il"  >ba  magnitudes  of  the  first  ten  degrees  and  those  of  the  photo- 
fin^phic  Durchmustcrung,  the  average  deviation  was  found  to  be 
rr  o  3  magnitude,  which  apparently  represents  about  the  same 
degree  of  precision.  In  the  present  comparison,  taking  the 
average  deviation  from  the  photometric  mean  of  the  groups 
ft-ir  each  tenth  of  the  scale,  this  is  found  to  be  ±  0.3  mag- 
nitude for  the  Argel.\nder  from  8.0  to  9.4,  For  Schonfeld 
ft  is  It:  0.3  magnitude  on  the  average,  slightly  larger  for  the 
faintest  stars.  For  Cordoba  it  is  ±:  0.3  magnitude  to  9.9  and 
:r  o  5  for  the  elastic  grade  10.  The  respective  scales  appear 
it'  \k  each  consistent,  from  the  consideration  of  all  these  figures. 
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A  final  word  of  warning  may  be  written  for  the  benefit  of 
those  observers  who  desire  precise  places  for  comparison  stars, 
for  comets  and  asteroids.  It  is  often  assumed  that  the  place 
of  any  D.  M.  star  can  be  later  measured  with  meridian  circles. 
The  telescopes  of  modem  instruments  are  generally  of  smaller 
size  than  some  of  the  older  types.  Instead  of  eight  and  nine 
inches,  the  latter  theoretically  capable  of  showing  fourteenth 
magnitude  in  a  perfectly  dark  field,  the  usual  size  is  about 
six  inches,  theoretically  capable  of  thirteenth  magnitude  under 
the  same  conditions.  This  is  apparently  an  effective  reduc- 
tion of  a  whole  magnitude. 

With  our  instrument,  of  6.4  inches  aperture,  I  believe  I  can 
always  count  upon  a  satisfactory  observation  of  a  star  of  qJ/^, 
with  sufficient  illumination  in  the  field.  A  star  probably  of 
tenth  magnitude  can  be  observed,  with  difficulty,  under  the  best 
atmospheric  conditions.  .With  the  8-inch  of  the  Dudley  Ob- 
servatory, used  recently  at  San  Luis,  we  often  observed  stars 
which  I  estimate  as  no  brighter  than  tenth  magnitude.  In 
selecting  stars  from  the  northern  D.  M.,  they  should  be  con- 
fined to  the  grade  9.4  and  brighter,  if  possible.  There  will 
always  be  some  uncertainty  in  securing  observations  of 
Argelander's  9.5.'  From  Schonfeld's  D.  M.  the  selection 
should  be  confined  to  stars  of  g%  or  brighter,  if  a  star  of 
gyi  visual  scale  be  taken  as  the  usual  limit  of  precise  obser- 
vation with  modern  meridian  circles.  In  selecting  from  the 
Cordoba  D.  M.,  the  corresponding  limit  should  also  be  9>4» 
the  estimates  for  the  faint  stars  being  pretty  certainly  one- 
quarter  magnitude  too  bright.  I  have  recently  found  it  not 
possible  to  observe  a  9.8,  and  a  9.5  from  Schonfeld,  though 
I  observed  one  of  9.6.  I  have  taken  stars  of  9.5  Argelander, 
and  recently  one  star  not  in  his  catalogue.  These  observations 
were  made  during  a  period  when  extremely  red  sky  at  sunset 
indicated  a  large  amount  of  dust,  probably  volcanic,  in  the 
atmosphere,  and  a  possible  consequent  diminution  of  trans- 
parency. 

The  meridian-circle  observers  at  Cordoba  usually  found  any 
of  our  D.  M.  stars  estimated  as  fainter  than  9.0  to  be  difficult. 


*  The  limit  set  for  the  GeseUschaft  lones  was  the  D.  M.  9.0,  while  the  inclusioa 
of  previously  observed  fainter  stars  was  also  recommended. 
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That  tnstniment,  the  original  meridian  circle  mounted  by  Dr. 
<i»rij>,  has  an  aperture  of  4,9  inches  only,  and  a  twelfth  mag- 
nitude star  should  be  visible  with  its  use  in  a  dark  field.  The 
illumination  in  the  field  of  a  meridian  circle  cannot  usually 
t»c  a*  delicately  adapted  to  the  sight  as  in  micrometer  work 
mith  an  equatorial.  Tenth-magnitude  stars  can  be  observed, 
h«t  the  difficulties  are  sensible,  and  the  uncertainty  of  the  scale 
at  the  lower  end  of  the  visual  Durchmusterung  must  be 
ci  wisiilered. 

Astronomical  photographs  can  go  as  far  as  desired,  with 
•sufficiently  long  exposures.  But  the  unequal  distribution  of 
the  faintest  grades,  published  in  the  Cape  Durchmusterung, 
raisic*  the  question  of  the  actual  brightness  of  the  correspond- 
in«j  «stars.  Below  ninth  magnitude  there  are  estimates  extend- 
xr.'^  over  a  considerable  range,  but  so  few  proportionately  of 
each  gTa<k  that  it  would  be  hard  to  say  what  low  grade  is  com- 
pletely included.  The  colors  of  the  faint  stars  are  usually  con- 
N'.!crr<i  to  show  but  little  variety  to  account  for  this  condition. 

March  14.  IQK^ 


THE   INFLrEXCE  OF  GRAVITATION  OX   LIGHT. 


By  Hebek  D.  Cuktis. 


In  Annatrn  der  Physik,  35,  898,  191 1,  Dr.  A.  Einstein 
f*  t-tulate«;  the  hypothesis  that  a  ray  of  light  will  suffer  deflec- 
ii-«n,  tir  quasi-refraction,  when  passing  through  a  powerful 
ficM  of  gravitation.  This  hypothesis  is  a  result  of  the  theory 
.»f  relativity.'  but  from  what  we  know  of  the  behavior  of  light 
when  pa*«sing  through  matter  or  a  strong  magnetic  field,  it  is 
fierhaps  not  inherently  impossible  that  some  such  action  should 
exi^t  independently  of  the  requirements  of  the  theory  of  rela- 
tivity. Physicists,  it  may  be  said  parenthetically,  are  to-day 
d:\ide<i  into  two  warring  camps  on  the  subject  of  the  theory 
■f  relativity,  and  whether  it  will  ever  become  generally  accept- 
er! i^  an  open  question,  particularly  as  Einstein  has  recently 
hren  f«>rced  to  make  certain  rather  radical  alterations  in  the 
tbcf-ry  a^  originally  stated  by  him.     Einstein  puts  forward 

*  f-m*-*     «ri.««i.  A.  S.  P.,  9;  119.  lOtt. 
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the  theory  of  the  bending  of  light  rays  by  gravitation  with  some 
reservation,  but  closes  his  paper  with  the  words:  "It  is  greatly 
to  be  desired  that  astronomers  should  undertake  this  inves- 
tigation, although  the  foregoing  reasoning  may  prove  to  be 
insufficiently  founded  or  even  entirely  illusory.  For,  aside 
from  any  theory,  the  question  must  be  considered,  whether 
with  our  present  resources  an  influence  of  the  gravitation  field 
on  the  propagation  of  light  can  be  established." 

Einstein  points  out  that  we  have  a  way  to  test  this 
hypothesis  by  investigating  the  positions  of  stars  seen  near 
the  Sun  at  the  time  of  total  solar  eclipse.  His  formula  (true 
to  the  first  order  only)  for  the  deviation  suffered  by  a  ray 
of  light  passing  through  a  gravitational  field  is, — 

___  2kM 

where  k  is  the  gravitation  constant ;  M  the  mass  of  the  attract- 
ing body ;  c  the  velocity  of  light,  and  D  the  distance  from  the 
path  of  the  ray  to  the  center  of  attraction.  Adopting  6.14  X 
10^^  grams  as  the  mass  of  the  Earth  (mean  density  5.67)  ; 
g  =  981*"™ ;  Sun*s  mass  :  Earth's  mass  =  330,000  :  i ;  and 
695,500^™  as  the  radius  of  the  Sun,  a  ray  of  light  passing  close 
to  the  limb  of  the  Sun  should,  in  accordance  with  the  formula 
given  above,  suffer  a  deflection  toward  the  Sun  of  about  o".86, 
the  apparent  angular  distance  of  the  star  from  the  Sun's  center 
being  increased  by  this  amount.  The  effect  varies  inversely  as 
the  distance  of  the  ray-path  from  the  center  of  the  Sun ;  if  the 
star's  distance,  D\  from  the  Sun's  center  is  expressed  in  min- 
utes of  arc,  the  effect  will  be  given  by,  a'  =  13.8/D'. 

The  doubled  effect,  for  pairs  of  stars  situated  on  opposite 
sides  of  the  Sun,  will  be  as  follows,  the  distances  being  ex- 
pressed, for  convenience,  in  minutes  of  arc  from  the  limb  of 
the  Sun: — 


Distances  from 
Sun's  Limb. 

2a 

5' 
10 

I   .06 

20 
30 

0  .76 
0  .60 

40 

0  .50 

50 
60 

0  .42 
0  .36 
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These  doubled  effects  are  small,  but  not  beyond  the  reach 
«•£  measurement  on  plates  taken  with  instruments  of  fairly 
kiOfj  focus. 

IV()bfld>]y  the  only  observational  material  at  present  available 
to  test  the  truth  or  falsity  of  this  hypothesis  is  that  afforded 
by  the  series  of  plates  taken  in  the  searches  for  intramercurial 
fUanets  at  the  Lick  Observatory-Crocker  Eclipse  Stations  in 
nioi.  1905,  and  1908.  These  plates  were  taken  with  lenses 
of  three  inches  aperture  and  eleven  feet  four  inches  focal  length, 
and  copies  on  glass  of  certain  of  these  negatives  have  been  sent 
t«^  Dr.  FRErNDLiCH,  of  Berlin,  for  measurement  in  connection 
with  this  problem.  Unfortunately,  it  seemed  evident  in  advance 
that  no  results  of  value  could  be  secured  from  these  plates,  and 
Dr.  FuErxDUCH  has  since  abandoned  the  attempt  to  measure 
any  deflection  effect  from  them.  These  intramercurial  search 
platen  were  taken  for  an  entirely  different  purpose ;  very  large 
plates  were  used,  and  the  image  of  the  eclipsed  Sun  is  on  the 
very  edge  of  these  large  plates,  with  the  result  that  the  dis- 
t'*rtii>n  not  only  cuts  out  the  fainter  star  images,  but  leaves 
any  \nsible  images  near  the  Sun  fan-shaped,  so  that  it  is  im- 
p  -^Nible  to  measure  these  with  any  accuracy.  Moreover,  these 
plates  were  taken  with  the  driving  clock  rated  to  solar  rather 
than  sidereal  time ;  this  rating  would  cause  the  star  images  to 
Uiow  a  trail  of  about  seven  seconds  of  arc  in  an  exposure  of 
three  minutes.  For  the  purposes  of  this  investigation  the 
imafi^  of  the  Sun  should  be  central  on  the  plate,  the  mounting 
a«^  rigid  as  possible,  and  the  driving  clock  rated  on  stars,  instead 
•  •f  <»n  the  Sun.  Under  the  best  conditions  exposures  of  two  to 
three  minutes  should  then  show  sharp  images  of  many  stars  as 
faint  as  magnitude  9.5. 

I  have  carefully  examined  the  intramercurial  plates  taken  at 
Flint  Island  in  1908,  in  the  effort  to  determine  the  limiting 
factors  for  measureable  star  images  in  terms  of  magnitude  and 
distance  from  the  Sun's  limb.  The  distance  of  the  image  of 
the  San  from  the  center  of  the  plate,  mentioned  above,  and 
the  fact  that  these  negatives  show  two  images  of  each  star, 
makes  a  definite  statement  dtflkult.  but  I  wotild  estimate,  some- 
what at  a  venture,  that  the  limit  of  visibility  of  star  images 
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with  Sun  central  on  plate,  images  sharp,  sky  clear,  and  ex- 
posures two  minutes  in  length,  would  be, — 

Magnitude  7.5,  visible  to  15'  from  Sun's  limb. 
8.5,        "       "   25'     " 

These  limits  might  be  somewhat  smaller  for  images  favor- 
ably situated  outside  of  streamers  or  stronger  regions  of  the 
corona. 

For  the  Russian  eclipse  of  August  20-21,  I9i4,.the  maximum 
duration  of  which  will  be  two  minutes  and  fourteen  seconds, 
the  conditions  for  testing  this  problem  will  be  about  as  repre- 
sented in  the  accompanying  cut.    The  magnitudes  of  only  the 
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STARS   NEAR   SUN. 
Eclipse  of  August  20-21,  191 4. 

brighter  B.  D.  stars  are  given,  and  the  dotted  circles  are  draw^n 
at  distances  of  20,  40,  and  60  minutes  of  arc  from  the  Sun's 
limb.  Regulus  and  v  Lconis  are  fairly  favorably  placed  ;  these 
two  stars  should  show  an  apparent  increase  of  about  o".35  in 
distance,  but  the  great  brilliancy  of  Reguhis  would  operate  to 
make  the  measures  on  its  image  subject  to  large  errors.  There 
is  quite  a  favorable  arrangement  of  fainter  stars  symmetrically 
placed  about  the  Sun.     Most  of  these  should  show  distinctly 
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if  the  following  were  perfect,  and  Regulus  would  make  an  ex- 
cellent guiding  star  for  this  purpose,  though  it  would  doubtless 
be  better  to  install  an  electrical  clock-control,  and  omit  all 
attempts  at  guiding  by  hand.  At  least  four  lenses  should  be 
use<i,  with  chart  plates  of  this  region  made  in  advance  at 
afiproximately  the  ahitude  which  this  region  would  have  at 
the  time  of  the  eclipse.  Star  plates  should  also  be  taken  on 
-<ie  or  two  nights  immediately  preceding  the  eclipse  as  a  con- 
trol on  the  scale  value  of  the  plates. 

Fnjm  EiNSTFJN*s  formula  the  effect  for  Jupiter  would  be 
*ml\  abrnit  one  one-hundredth  of  that  caused  by  the  Sun ;  in 
^<xultations  by  the  Moon  the  effect  would  be  entirely  insensible, 
annninting  to  only  one  one-hundred-thousandth  of  a  second 
*»f  arc,  

A   CORRECTION. 


In  the  February  number  of  these  Publications  (page  52)  ja 
n^ite  was  printed  to  the  effect  that  the  great  disk  of  glass  for 
the  lOD-inch  reflector  for  Mount  Wilson  had  finally  been  re- 
jected as  useless  for  the  purpose.  This  note  was  based  upon  a 
similar  one  which  appeared  in  Popular  Astronomy. 

It  i-5  a  great  pleasure  to  be  able  to  correct  this  statement.  A 
ficrsonal  letter  from  Mr.  Walter  S.  Adams  says  that,  while 
"the  first  tests  showed  quite  an  unsatisfactory  figure,"  in  that 
the  figure  of  the  glass  did  not  rotate  with  the  disk  when  it  was 
rt^atefL  indicating  *'an  apparent  bending  of  the  glass  unequally 
al«)cig  two  diameters  at  right  angles  to  one  another,**  later 
experiments  have  located  the  source  of  the  difficulty  in  the 
edpe-support.  The  *iast  tests  proved  conclusively,'*  Mr. 
Ai»AMS  continues,  "that  when  the  glass  is  properly  supported 
the  figure  rotates  perfectly  with  the  disk.  In  view  of  these  tests 
mt  have  already  accepted  the  disk  and  made  payment  for  it, 
an<l  are  gtnng  forward  with  our  plans  on  the  dome  and  mount- 
ing of  the  telescope." 

This  will  be  good  news  to  astronomers  the  world  over,  and 
ther  will  all  unite  with  us  in  hearty  congratulations  to  the 
S4ar  Observatory  staff  upon  this  successful  outcome. 

The  Committee  on  Publicatiox. 
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PLANETARY   PHENOMENA   FOR   MAY  AND 
JUNE,  1913. 


By  Malcolm  McNeill. 


PHASES  OF  THE  MOON,  PACIFIC  TIME, 


New  Moon  . . .  May  6,  I2*>  24"  a.m. 
First  Quarter..  "  13,  3  45  a.m. 
Full  Moon  ...  "  19,  II  18  P.M. 
Last  Quarter..    "  27,    4     4    p.m. 


New  Moon  ...June 4,  ii*»57"a.m. 
First  Quarter..  "11,  8  37  a.m. 
Full  Moon  ...  "18,  9  54  A.M. 
Last  Quarter..    "  26,    9  41     a.m. 


The  Sun  reaches  the  summer  solstice  and  summer  begins  on 
June  2 1  St,  about  5  p.  m.,  Pacific  time. 

Mercury  at  the  beginning  of  June  is  a  morning  star,  rising 
rather  less  than  an  hour  before  sunrise.  It  is  more  than  20° 
east  of  the  Sun,  but  it  is  also  12°  south  of  that  body,  and  con- 
sequently does  not  rise  early  enough  for  naked-eye  visibility. 
It  passed  greatest  west  elongation  on  April  24th,  and  on  June 
1st  it  reaches  superior  conjunction,  becoming  an  evening  star. 
Its  distance  from  the  Sun  increases  rapidly,  and  before  the 
middle  of  the  month  it  remains  above  the  horizon  an  hour  or 
more  after  sunset.  This  interval  increases  to  a  little  more  than 
an  hour  and  one-half  by  the  end  of  the  month,  and  the  planet 
will  reach  its  greatest  east  elongation  early  in  July.  It  may  be 
seen  during  the  latter  half  of  June  on  any  clear  evening  low 
down  in  the  western  sky  shortly  after  sunset  very  nearly  in 
the  position  occupied  by  the  Sun  an  hour  and  a  half  earlier. 

Venus  passed  inferior  conjunction  with  the  Sun  and  became 
a  morning  star  on  April  24th.  Its  motion  away  from  the  Sun 
is  quite  rapid,  and  by  May  ist  it  rises  about  three-quarters  of 
an  hour  before  sunrise.  The  superior  brightness  of  Ventis 
permits  it  to  be  visible  to  the  naked  eye  in  this  position, 
although  probably  no  other  planet  could  be  seen  in  a  similar 
position  with  respect  to  the  Sun  and  the  horizon.  The  telescopic 
appearance  of  Venus  is  now  very  beautiful,  that  of  a  new  moon 
only  a  few  days  old.  This  same  appearance  was  presented  a 
few  days  before  the  time  of  inferior  conjunction.  By  the 
end  of  May  the  planet  will  rise  nearly  two  hours  before  sunrise 
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and  somewhat  more  than  two  hours  at  the  end  of  June.  This 
mtenral  is  not  nearly  as  great  as  the  corresponding  interval 
between  the  setting  of  the  Sun  and  that  of  the  planet  while  the 
planet  was  an  evening  star  before  conjunction,  as  Venus  is 
now  in  a  part  of  its  orbit  considerably  south  of  the  Sun.  Venus 
reaches  its  greatest  actual  distance  from  the  Sun  and  is  in 
aphelion  on  June  24th. 

Mars  rises  shortly  after  3  a.  m.  on  May  ist  and  shortly  after 
I  .V.  M.  on  June  30th.  Ehiring  this  two  months'  period  it  moves 
about  32"  eastward  and  12°  northward  through  the  constella- 
ti«m  Pisces,  passing  about  1°  20'  south  of  the  vernal  equinox 
iK\  May  7th.  It  passes  its  perihelion  on  May  \9>ih.  Its  bright- 
nes'4  on  May  1st  is  about  15  per  cent  of  its  brightness  at  the 
next  opposition  in  January,  191 4,  and  this  number  increases  to 
abiiut  20  per  cent  by  the  end  of  June,  its  actual  distance  dimin- 
I'^^hing  from  175  to  151  millions  of  miles.  Its  brightness  at 
thi<  time  is  greater  than  it  is  ordinarily  when  the  planet  is  at  its 
frtTicnt  apparent  distance  from  the  Sun,  as  it  is  twenty  or  more 
millions  of  miles  nearer  the  Earth  than  it  would  be  if  aphelion 
fia^sage  came  during  May  instead  of  perihelion. 

Jufiter  is  moving  around  to  a  good  position  for  evening 
observation,  rising  at  about  midnight  on  May  ist  and  before 
8  p.  M.  on  June  30th.  It  is  in  the  constellation  Sagittarius  and 
np  to  May  7th  moves  a  little  eastward.  It  then  begins  its  west- 
mard  or  retrograde  motion,  and  by  the  end  of  June  has  moved 
not  quite  5*.  It  will  then  be  about  5°  north  of  the  easternmost 
*tar  of  "the  Milk  Dipper." 

Saium  sets  before  9  P.  M.,  less  than  two  hours  after  sunset, 
im,  June  \%U  and  its  distance  from  the  Sun  diminishes  rapidly, 
M>  that  b>'  the  middle  of  the  month  it  sets  less  than  an  hour 
after  sunset  and  is  therefore  practically  beyond  the  limit  of 
naked-eye  visibility.  It  passes  conjunction  with  the  Sun  and 
becomes  a  morning  star  on  May  29th.  At  the  end  of  June  it 
mill  rise  shortly  before  3  a.  m.,  less  than  two  hours  before 
sunrise. 

Vrm^us  on  May  ist  rises  at  about  i  a.  m.  and  on  June  50th 
at  about  9  r.  m.  It  is  therefore  moving  around  toward  a  condi- 
Xmjk%  for  naked-eye  visibility.    On  account  of  its  faintness  ( it  is 
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less  than  a  sixth-magnitude  star  in  brightness)  it  can  scarcely  be 
seen  at  a  height  of  less  than  15°  above  the  horizon.  During 
May  it  is  neariy  stationary  and  by  the  end  of  June  has  moved 
a  little  less  than  1°  westward.  It  is  in  the  constellation  Capri- 
corn and  not  near  any  bright  star.  It  is  about  1°  east  and  a 
little  south  of  the  fifth-magnitude  star  v  Capricomi, 

Neptune  is  still  in  the  western  evening  sky,  setting  at  about 
midnight  on  May  ist  and  shortly  after  8  p.  m.  on  June  30th. 
It  moves  about  2°  eastward  in  Gemini  during  the  two  months. 
On  June  24th  it  is  in  conjunction  with  Mercury,  the  latter  planet 
being  about  2°  to  the  north. 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


!■  arcoftlMice  witli  m  recent  arrantmncnt  the  mrmbert  of  the  •cicntific  tUff  of 
tk«  Ljcfc  OtMrrratofT  bold  meetings  once  per  week,  as  an  observatory  duty,  to  report 
I  tbc  more  important  artkles  appearing  in  the  journals  of  astronomy, 
'  books  on  astronomical  subjects,  or  subjects  of  current  and  special 
■otrrrsc  m  tkc  ohservatory's  work.  It  bas  been  suggested  that  abstracts  of  the 
rrpo^s  would  br  of  interest  to  tbe  readers  of  these  Publications,  and  the  Publication 
t  •!■■■■■  net  has  acted  favorably  upon  the  suggestions. 

It    ••   tnc«^»ded  to  presenre  tbe  qualities  of  abstracts  as  far  as  possible,  and  to 
'r^'K-t  pQblifthed  criticisms,  favorable  or  unfavorable,  to  a  minimum. 


i\\ks7u;.\tion  of  eclipsing  binaries,  by  russell  and 
Shapley.' 

15ai*schinger  remarks  in  his  Bahnbesiimmung  that  the  rela- 
ti«»n  between  magnitudes,  size,  luminosities,  and  elliptic  and 
ph-Uiimetric  elements  of  eclipsing  binaries  are  too  complicated 
fi-r  a  general  theory.  It  is  our  purpose  to  show  how  far  the 
pr«4>lcm  is  determinate  and  to  develop  formulae  and  tables  for 
fietcrminate  cases.  In  the  most  general  case  the  relative  orbit 
mill  be  eccentric,  and  the  two  component  masses  will  differ  in 
^ize  and  brightness.  The  bodies  may  be  elongated  by  mutual 
attraction,  partially  brightened  by  mutual  illumination,  or  ap- 
parently darkened  toward  the  limbs  of  the  disks.  There  will 
be  at  least  thirteen  quantities  to  be  determined — semi-major 
axi^,  eccentricity,  inclination,  longitude  of  periastron,  period, 
eT»<h.  two  radii,  two  luminosities,  ellipticity,  reflection,  and 
hmb-darkening  factors.  The  last  mentioned  may  be  deferred 
fi»r  $(iecial  investigation.  Two  of  the  quantities  depend  upon 
tlM:  parallax,  two  upon  inspection  of  the  light-curve,  and  two 
up«»n  particular  photometric  measures.  Six  remain  to  be  de- 
termine<i  by  formulae  and  constants  of  the  light-curve. 

The  discussion  is  divided  into  several  parts:  First,  solution 
fi>r  spherical  stars  and  circular  orbits ;  second,  the  correspond- 
injj  tables :  third,  eccentric  orbits ;  fourth,  ellipticity  of  the  stars : 
fifth,  reflection,  limb  darkening,  and  densities. 

The  simplified  problem  discussed  in  the  first  part  is  stateil  a»i 
fi»ll«)ws: — 


VlMtract  from  tbe  .^strpfhysicat  Jemmsl.  K*  jis.  M*  S4*  U3.  '39.  >69.  j8S- 
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Two  spherical  stars,  appearing  as  uniformly  illuminated 
disks,  and  revolving  about  their  common  center  of  gravity  in 
circular  orbits,  mutually  eclipse  one  another.  It  is  required  to 
find  the  relative  dimensions  and  brightness  of  the  two  stars, 
and  the  inclination  of  the  orbit,  from  the  observed  light-curve. 

Under  these  conditions,  the  two  minima  of  the  light-curve 
will  be  symmetrical  and  separated  by  exactly  half  the  period ; 
a  total  or  annular  eclipse  produces  a  constant  phase  at  mini- 
mum; the  two  minima  will  be  of  equal  duration,  but  usually 
of  unequal  depth;  the  deeper  minimum  corresponds  to  the 
eclipse  of  the  star  which  has  the  greater  surface  intensity  by 
the  other. 

The  discussion  now  distinguishes  two  cases — that  of  central 
eclipse  giving  constant  phase  at  both  primary  and  secondary 
minima,  and  that  of  partial  eclipse  giving  no  constant  phases. 
In  concluding  the  discussion  of  the  first  case,  it  is  remarked 
that  the  method  of  solution  is  direct  and  simple,  involving  a 
very  moderate  amount  of  numerical  work ;  the  light-curve  may 
be  found  without  the  necessity  of  computing  the  elements,  and 
with  two  or  three  trials  may  be  determined  so  as  to  represent 
the  whole  course  of  the  observations,  making  the  laborious 
solution  by  least  squares  superfluous  except  in  the  case  of 
observations  of  unusual  precision.  Such  a  solution  itself  is 
much  simplified  if  the  constants  defining  the  light-curve,  instead 
of  the  elements  of  the  system,  are  treated  as  the  fundamental 
unknowns,  as  the  coefficients  of  the  equations  of  condition 
may  be  easily  found  graphically  with  the  aid  of  data  already 
computed.  The  elements  may  be  found,  at  any  stage  of  the 
process,  by  a  few  moments*  calculation  from  the  constants 
defining  the  light-curve. 

In  passing  to  the  second  case,  which  concerns  partial  eclipse, 
the  previous  methods  cannot  be  used,  and  the  following  con- 
clusion is  reached:  To  the  degree  of  approximation  attained 
by  any  existing  photometric  measures,  the  problem  of  determin- 
ing the  elements  of  an  eclipsing  variable  solely  from  the  light- 
curve  of  a  primary  minimum  without  constant  phase  is  indeter- 
minate. Two  of  the  required  quantities  cannot  be  rigorously 
deduced. 

However,  an  equation  is  derived  which,  though  not  rigorously 
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exact,  must  be  very  nearly  satisfied  in  the  case  of  all  light- 
curves  an>ing  from  partial  eclipse.  Having  given  any  ob- 
»crved  light-curve,  the  values  of  the  coefficients  may  be  de- 
termined in  the  manner  described  (omitted  in  this  abstract), 
and  a  theoretical  light-curve  be  found  which  Closely  represents 
the  whole  course  of  the  observations.  Knowledge  of  this  light- 
curve,  however,  does  not  enable  us  to  find  the  elements,  but  only 
a  relation  between  them.  Unless  the  secondary  minimum  has 
been  observed,  we  can  go  no  farther.  But  if  we  know  the 
brightness  at  both  minima,  we  have  another  relation  or  equa- 
ii-Mi.  Solution  of  these  two  equations  gives  the  two  required 
quantities. — namely,  the  ratio  of  the  radii  and  the  percentage 
<*f  maximum  eclipse. 

When  both  minima  are  of  very  small  depth,  the  indeterminate 
character  of  the  solution  is  pronounced.  The  exact  form  of 
the  Ujjht-curve  for  a  shallow  minimum  is  especially  difficult  to 
fix  b>*  observation.  It  follows  that  eclipsing  variables  of  small 
range,  such  as  have  been  recently  discovered  with  the  selenium 
;<h«i(t«neter,  present  a  problem  which  can  be  solved  only  by 
the  ad<lition  of  other  data  than  those  derivable  from  the  light- 
curvr.  The  ratio  of  the  surface  brightness  of  the  components 
is  the  same  as  the  ratio  of  loss  of  light  at  the  two  eclipses. 
This  \'a]ue  in  connection  with  an  estimate  from  spectroscopic 
«ibscr\'ation  of  the  difference  of  magnitude  of  the  components, 
<i<termtnes  the  ratio  of  the  radii.  Whenever  the  latter  quantity 
and  the  percentage  of  maximum  eclipse  have  been  found,  the 
drtrrmination  of  the  remaining  elements  is  simple. 

The  above  method  of  solution  of  the  problem  presented  by  a 
partial  eclipse,  though  not  rigorously  exact,  is  sufficiently  accu- 
rate to  be  adopted  as  final,  unless  the  observations  are  unusually 
numerous  and  precise.  If  it  seems  desirable  to  proceed  farther, 
the  light-curve,  including  both  primary  and  secondary  minima, 
ihtjuld  be  computed  from  the  assumed  elements.  If  it  does  not 
represent  the  observations  sufficiently  well,  the  assumed  con- 
stants may  be  varied  until  satisfactory.  As  before,  the  elements 
neni  not  be  computed  until  a  satisfactory  light-curve  has  been 
f  •  «ind. 

The  second  part  of  the  investigation  contains  tables  and 
explanations.     Since  the  majority  of  eclipsing  binaries  have 
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practically  circular  orbits,  the  above  methods  and  tables  will  be 
more  frequently  used  than  those  of  the  other  parts  of  the  dis- 
cussion. The  former  have  been  applied  to  the  eclipsing  vari- 
ables W  Delphini,  W  Urs{p  Majoris,  and  W  Crucis,  and  the  re- 
sults are  summarized  as  follows  :^  The  light-curves  shown  in  the 
figures  are  simply  graphical  representations  of  the  tables.  The 
curves  are  in  all  cases  those  corresponding  to  the  finally  adopted 
elements.  The  agreement  between  theory  and  observation  is 
excellent.  The  "rectified"  light-curves  show  how  a  curve  of  the 
P  Lyrce  type  is  transformed  into  one  of  the  ordinary  Algol  type 
by  the  application  of  the  correction  for  the  ellipticity  of  the 
stars.    (The  latter  process  is  developed  in  Part  IV.) 

The  third  part  considers  eccentric  orbits.  Analogy  with 
orbits  of  spectroscopic  binaries  of  similar  period  leads  us  to 
expect  that  the  actual  orbits  of  eclipsing  variables  will  often 
show  eccentricity.  This  is  confirmed  in  several  cases  by  dis- 
placement of  the  secondary  minima  from  the  position  midway 
between  the  primary  minima.  Elements  computed  from  the 
light-curve  on  the  assumption  of  a  circular  orbit  will  differ 
from  the  true  values.  But  for  small  eccentricity  simple  equa- 
tions can  be  found  which  express  very  approximately  the  rela- 
tion between  the  true  and  computed  elements.  In  using  these 
equations,  since  the  secondary  minima  is  often  shallow,  two 
cases  occur,  according  as  the  principal  minimum  does  or  does 
not  show  a  constant  phase.  In  the  first  case  the  light-curve 
may  be  found  which  best  represents  the  observations.  Only 
the  times  of  the  four  contacts  need  be  computed  at  first  and  the 
work  involved  is  small.  If  the  principal  eclipse  occurs  near 
periastron  and  is  nearly  grazing,  the  secondary  eclipse  may  be 
partial.  In  the  second  case,  with  principal  minimum  showing 
no  constant  phase,  the  problem  is  more  complicated,  for  two 
necessary  quantities  are  unknown.  But  a  certain  sequence  of 
operations  starting  with  circular  elements,  may  lead  to  accept- 
able values;  if  the  range  of  values  js  wide,  the  problem  is 
nearly  indeterminate. 

Part  four  deals  with  the  ellipticity  of  the  component  bodies. 
P  Lyra:  is  a  classic  example.    The  light  changes  are  continuous 


*  Astrophysical  Journal,  86,  133. 


Astronomical  Society  of  the  Pacific.  89 

and  the  brightness  is  greater  between  minima  than  before  or 
after  ccU|>sc.  This  phenomena  is  reasonably  explained  by  the 
a.^M2n]ption  that  the  stars  are  elongated  by  their  mutual  attrac- 
ts m.  The  figure  is  probably  nearly  ellipsoidal.  If  the  com- 
ivooents  are  equal  in  mass  and  density,  they  will  be  similar  in 
fmni.  Two  prolate  spheroids  is  the  basis  of  calculations  in  this 
investigation.  ( The  methods  of  finding  the  ellipticity  are  ex- 
f  •lained. )  Having  found  the  ellipticity,  the  light-curve  may  be 
"rectified/'  i.  e.  the  apparent  influence  of  ellipticity  may  be 
rrTR«i\^.  The  procedure  is  then  the  same  as  for  spherical 
U-hes.  WTien  the  orbit  is  eccentric,  complications  ensue,  but  a 
i:*«»*l  approximation  may  be  obtained  by  neglecting  certain 
irregularities  and  proceeding  as  above. 

The  fifth  part  discusses  mutual  reflection  of  the  two  corn- 
fa  lncnt^,  the  darkening  toward  the  limb  of  a  disk  and  the  den- 
sities of  the  bodies.  It  is  improbable  that  the  bodies  appear  as 
urifiinnly  illuminated  disks  of  constant  surface  brightness.  It 
IS  likely  that  they  appear,  like  the  Sun,  to  be  brighter  at  the 
otnter  than  at  the  limb  and  that  each  star  is  brighter  on  the 
^'Ac  which  is  heated  up  by  its  companion's  radiation.  Direct 
evidence  of  the  last  phenomenon  has  been  found  in  Algol, 
KT  Persei,  and  Z  Draconis.  Few  stars  have  been  studied  as 
carefully  as  these,  but  sufficiently  accurate  observations  may 
''h-jw  the  phenomenon  to  be  general. 

Certain  relations  are  available  for  freeing  the  light-curves 
fn*n  the  effects  of  reflection  so  that  it  may  be  discussed  as 
usual.  Prolateness  of  the  bodies  complicates  the  expressions ; 
but  the  curve  may  first  be  "rectified"  to  remove  effects  of 
cllijiticity.  The  effect  of  eccentric  orbit  may  be  represented  by 
a  'Simple  harmonic  term  in  connection  with  "reflection." 

The  densities  of  the  component  bodies  cannot  be  computed 
unless  the  ratio  of  masses  is  known.  This  can  be  found  in  cases 
■  t  <l<iuble  spectra,  and  otherwise.  The  densities  are  then  ex- 
;  rrs^eil  in  terms  of  the  mass-ratio,  the  period,  and  the  radii. 

The  actual  law  of  darkening  toward  the  limb  is  unknown, 
bat  <*ne  may  be  assumed, — for  instance,  that  applied  to  the  Sun 
by  S<  iiWARZSCiiiii).  5>olution  can  be  obtained  by  means  of 
further  tables.  They  will  be  twice  as  extensive  as  those  already 
jriven,  since  the  light-curves  of  annular  and  total  eclipse  differ 
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with  non-uniformly  illuminated  disks.  The  relations  already 
developed  for  the  case  of  partial  eclipse  may  or  may  not  be 
applicable.  Ellipticity  with  darkening  complicates  the  problem. 
The  darkening  should  be  greater  when  we  see  the  prolate 
spheroid  end  on,  than  when  it  is  side  on.  The  variation  in  light 
will  be  increased  and  the  ellipticity  computed  on  the  assumption, 
of  uniform  surface  brightness  will  be  too  great. 

The  darkening  toward  the  limb  has  been  further  discussed 
in  later  papers*  and  the  tables  constructed.  They  enable  the 
solutions  to  be  made  as  easily  as  in  the  case  of  uniformly 
illuminated  disks,  provided  the  eclipse  is  total.  The  formulae 
and  tables  are  applicable  only  in  those  cases  where  there  is  a 
constant  phase  at  minimum  and  the  eclipsing  star  is  the  larger. 
But  other  methods  are  available  for  partial  eclipses.  The 
tables  have  been  applied  to  the  totally  eclipsing  variables 
W  Dephitti,  S  Cancri,  SW  Cygni,  and  U  Cepheir  Solutions 
have  also  been  made  with  the  tables  for  uniformly  illuminated 
disks.  The  conclusion  is  that  the  former  results  are  more  satis- 
factory, indicating  that  darkening  at  the  limb  exists  in  stars  of 
spectral  class  A,  but  the  difference  in  the  curves  is  too  small  to 
determine  the  amount  of  darkening,  even  with  the  best  existing 
photometric  observations. 

The  discussion  of  annular  and  partial  eclipses  in  connection 
with  darkening  of  the  limb  has  involved  much  labor.  The  light 
curves  for  non-central  eclipse  may  be  derived  from  that  for 
central  eclipse.  Since  annular  and  partial  eclipses  cannot  be 
distinguished  by  inspection  of  the  light-curves,  they  are  dis- 
cussed together  for  the  determination  of  the  elements. 

A  summary  of  the  eclipsing-variable  theory  here  developed 
is  given  at  the  end  of  the  series  of  papers.  The  methods  will 
probably  be  of  use  for  many  years  to  come  in  the  practical  solu- 
tion of  this  problem.  G.  F.  Paddock. 


The  Brightness  and  Temperature  of  Stars. 
Two  essential  problems  in  astrophysics  are  the  determination 
of  the  brightness  and  of  the  temperature  of  stars,  because  of 
their  concern  with  the  sequence  and  transition  of  spectra.    The 
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question  i<,  \\Tiich  is  the  hotter  and  brighter — the  blue,  yellow, 
or  red  star?  Investigations  have  usually  been  based  upon  in- 
ferences and  assumptions,  but  there  are  certain  cases  in  which 
the  hnntnosity  can  be  definitely  computed.  From  the  relations 
of  stellar  light  and  magnitude,  is  deduced  the  equation — 

m  +  0.24 

»/?\7=io  5 
m  which  »  is  the  parallax,  R  the  radius,  m  the  magnitude,  and  / 
the  intrinsic  luminosity  or  brightness  of  a  star  whose  radius 
equals  the  Sun's  radius.  Observations  of  eclipsing  binaries 
determine  the  radii  of  the  components,  particularly  when  both 
ciwnpo«ent$  are  luminous  and  give  both  primary  and  secondary 
light  minima.  If  the  system  gives  double  spectra,  the  parallax 
is  thence  determined,  and  /  is  then  found  by  means  of  the  above 
equation.  Without  double  spectra,  but  with  a  correspondence 
<»f  spectra  and  luminosity  with  the  Sun  or  other  known  body, 
the  parallax  may  possibly  be  determined  by  the  above  equation. 
Thi*^.  however,  will  be  a  rare  case.  It  is  likely  that  the  parallax 
will  be  known  for  numerous  stars  in  the  future.  Hence  /,  the 
star's  intrinsic  luminosity,  will  be  the  quantity  actually  to  be 
'M^iijht  by  means  of  the  above  equation.  Photometric  observers 
are  finding  that  numerous  variables  have  double  minima.  The 
cirnhoiatinn  of  photometric  and  spectrographic  observations 
and  elements  is  needed  for  as  many  stars  as  possible. 

Temperatures  can  hardly  be  determined  unless  we  know  or 
a^^'-ume  a  law  of  relation  between  /  and  T  (absolute  tempera- 
ture I .  However,  formulae  representing  these  laws  have  been 
•Icri^-ed  for  the  theoretical  perfect  radiator  under  terrestrial 
■  -r  laboratory  conditions,  and  several  attempts  have  been  made 
:•»  apply  the  formulae  to  star  light,  Wh-sing.  Scheixer, 
<<  Hw,\»2Si  iiiLD,  XoRDMAN,  and  RosENBERG  havc  published 
'<Tic^  of  relative  temperatures  for  the  bright  stars.  Each  work 
:^  faase<i  upon  measures  of  difference  of  intensity  of  red,  yellow, 
and  Wue  light  received  from  stars.  The  difference  of  intensity 
hA*  been  measured  either  by  photometer  and  photograph,  or 
ititm  spectrum  photographs.  An  adaptation  of  Puwck's  radia- 
tMn  fonnula, — 

£=  ^• 
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which  expresses  the  radiated  energy  E  as  an  exponential  func- 
tion of  wave-length  A  and  absolute  temperature  T  then  gives 
values  for  T  corresponding  to  each  stellar  measure.  The  most 
recent  results  are  those  of  Rosenberg^  derived  from  Gottingen 
observations  with  a  prismatic  camera  of  the  seventy  brightest 
northern  stars.  His  results  differ  only  in  a  definite  ratio  frc«n 
those  of  WiLSiNG  and  Scheiner. 

The  stellar  measures  are  expressed  in  differences  of  mag- 
nitude and  reduced  to  a  basis  of  zero  difference  for  the  Sun 
spectrum.  The  derived  temperatures  are  relative  to  the  Sun's 
temperature  of  about  5000°  (absolute),  which  has  been  derived 
by  Planck's  formula  from  Abbot's  bolometer  measures  of 
the  Sun's  spectrum  intensities  and  Paschen's  constants  of  a 
perfect  radiator.  The  results  for  some  of  the  conspicuous  stars 
are:  Sirius,  27,000°;  Vega,  22,000°;  Algol,  12,000°;  Altair, 
10,000°  ;  Procyon,  7,000°  ;  Polaris,  5,000°  ;  Capella,  4,500°  ; 
Arcturus,  3,000° ;  Betelgeuze  and  Aldebaran,  2,000°.  Rosen- 
berg has  plotted  the  reciprocals  of  his  temperatures  against  the 
series  of  classes  of  spectra  as  defined  by  Miss  Maury  and  by 
VoGEL.  The  plots  show  that  there  are  more  differences  of 
spectrum  among  the  highest  and  lowest  temperatures  than 
among  the  intermediate  temperatures.  The  general  results  of 
the  investigation  are  that  the  helium  stars  are  the  hottest,  and 
the  reddest  stars  of  banded  spectra  the  lowest  in  temperature. 
In  other  words,  the  derived  sequence  of  temperatures  follows 
the  sequence  of  spectral  class.  G.  F.  Paddock. 

March,  1913. 


On  the  Spectrum  of  the  Nebula  in  the  Pleiades,  by  V.  M. 

Slipher.^ 

Since  its  discovery  by  Temple  in  1859,  the  Merope  nebula 
has  been  an  object  of  unusual  interest  to  astronomers.  In  the 
telescope  it  is  so  faint  and  diffuse  that  in  the  old  days,  before 
the  advent  of  the  camera  as  an  aid  to  the  astronomer,  its  exist- 
ence was  disputed  and  held  in  grave  doubt  by  many  observers. 
In  fact,  a  number  of  the  profession  may  be  said  to  have  been 
divided  into  hostile  camps  on  this  question,  and  in  the  skirmishes 
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whkh  resulted  the  pages  of  astronomical  periodicals  were 
occasMmally  enlivened  by  passages  which  broke  through  that 
Old  formality  which  is  supposed  to  mark  the  expression  of 
Mnemifk  opinion.  Happily  those  strenuous  days  are  now  past. 
Among  the  early  achievements  of  the  photographic  plate  was 
the  proof,  satisfactory  to  the  most  skeptical,  that  the  nebula 
i*  there,  a  bundle  of  interlacing  wisps  weaving  together  the 
entire  group  of  the  Pleiades,  and  pointing  to  the  close  physical 
owinection  of  the  members  of  this  group  of  stars.  Curiously 
emiugh,  the  camera,  in  confirming  Temple's  discovery,  proved 
zs  well  that  his  idea  of  the  nebula  was,  in  one  respect,  quite 
erroneous.  He  observed  the  nebula  only  close  to  and  to  the 
<Miuth  of  Meropc,  GoLDSCHMmr  in  1864  described  the  cos- 
mtcal  cloud  as  surrounding  the  whole  group  of  the  Pleiades. 
('<«imenting  on  this  observation,  Professor  Temple  remarked: 
"Itut  this  is  an  optical  illusion,  and  in  another  letter  I  shall, 
with  yf)ur  permission,  proceed  to  prove  this  by  the  description 
i»f  a  false  image  in  the  telescope,  a  curious  phenomenon  hitherto 
uncxplainefl."  GoLOSCHMiiyr's  remarkable  observation  is  of 
c-nir<e  amply  confirmed  by  photography. 

We  must  ask  the  indulgence  of  the  reader  for  this  somewhat 
extemletl  excursion  into  a  phase  of  the  history  of  this  nebula 
nhich  has  no  direct  bearing  on  the  subject-matter  of  the  article 
unikr  re\Tew.  but  we  offer  in  extenuation  of  our  garrulity  the 
fact  that  we  have  called  attention  to  the  doubt  and  uncertainty 
»*ith  which  this  nebula  was  for  years  regarded,  a  view-point 
'fuite  in  keeping  with  the  mystery  which  has  attached  itself  to 
the  P'M-iijdes  group,  among  races  civilized  and  savage,  since 
before  the  beginnings  of  history.  We  may  therefore  regard  it 
as  a  pn>fcssional  practice  backed  by  precedent  to  accept  with 
cauti<.in.  until  fully  confirmed,  discoveries  associated  with  this 
cluster. 

Ih-  Sliphek's  paper  deals  with  a  photographic  observation 
of  the  spectrum  of  the  nebulous  filaments  near  the  star  Merope, 
T»o  spectrograms  were  secured  with  a  spectrograph  attached 
t«»  the  24-inch  refractor  of  the  I^well  Observatory.  The  first 
ex|ii»'^urc  was  of  five  hours'  duration  and  the  second  of  twenty- 
<ine  h<*ur<.  The  slit  was  located  in  the  one  case  about  i*4'  of 
arc  *«nith  of  the  star  and  in  the  other  3'  northeast,  the  orienta- 
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tion  being  east  and  west  for  both  observations.  The  discussion 
is  based  on  the  second  spectrogram  secured.  We  can  do  no 
better  than  to  quote  Dr.  Slipher's  description  of  this  plate. 

"The  second  spectrogram,  while  not  strong,  contains  a  per- 
fectly legible  record.  It  is  a  continuous  spectrum  crossed  by 
strong  hydrogen  lines — Up,  Hy,  H8,  He,  and  Hf  showing, 
and  fainter  helium  lines,  those  at  4026,  4381,  and  4472  (com- 
bined with  4481),  being  recognizable.  It  contains  no  traces 
of  the  bright  lines  found  in  the  spectra  of  gaseous  nebula. 
The  hydrogen  lines  are  much  more  prominent  than  are  the 
helium  lines,  and  the  whole  spectrum  is  a  true  copy  of  the 
brighter  stars  of  the  Pleiades." 

To  satisfy  himself  that  the  recorded  spectrum  did  not  have 
its  origin  in  light  from  Merope  scattered  in  his  telescope,  Dr. 
Slipher  made  an  equivalent  exposure  close  to  Sinus,  and  find- 
ing no  disturbing  factor,  assumed  the  plate  record  to  represent 
the  spectrum  of  the  Pleiades  nebula.  A  further  confirmation 
of  this  view  he  finds  in  the  fact  that  the  spectrum  is  not  uniform 
over  its  full  breadth,  but  fades  suddenly  at  one  edge,  as  though 
the  slit  had  projected  beyond  the  bright  part  of  the  nebula. 

Upon  the  basis  of  this  spectrogram  the  author  indulges  in 
some  speculations,  throwing  out  the  suggestion  that  the  light 
of  the  nebula  may  be  diffused  starlight,  originating  wnth 
Merape.  In  other  words,  the  nebula  does  not  shine  by  its  own 
light,  but  is  an  aggregation  of  non-luminous  material  lighted 
up  by  Merope  and  other  stars  of  the  Pleiades  group.  Dr. 
Slipher's  figures  show  that,  in  the  part  of  the  nebula  which  he 
observed,  Merope  would  appear  as  a  star  of  about  —  1 1  mag- 
nitude, and  Alcyone  two  or  three  magnitudes  fainter;  that  is, 
the  former  would  be  about  as  bright  as  the  full  Moon.  As  it 
is  easy  for  us  to  see  thin  clouds  by  moonlight,  there  can 
hardly  be  any  criticism  of  this  theory  on  the  basis  of  insuf- 
ficiency of  illumination.  Dr.  Slipher's  explanation  parallels 
exactly  the  theory  of  the  nebulosity  surrounding  Nova  Persei 
proposed  by  Seeliger,  Kapteyn,  W.  E.  Wilson,  and  others. 

Dr.  Slipher's  paper  is  interesting  and  suggestive,  and  his 
audacity  in  attempting  this  observation  must  win  the  admira- 
tion of  his  colleagues,  but  we  believe  that  astronomers  will 
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await  his  confirmation  of  these  preliminary  results  before 
makin);  them  the  basis  of  extended  speculations.  Unfortunately, 
the  o>nstants  of  his  spectrograph  are  not  explicitly  stated,  so 
that  we  are  unable  to  judge  of  its  efficiency  for  observations 
of  ver>*  faint  spectra.  Few  persons  unfamiliar  with  spectro- 
scopic *>l>Nervation  fully  appreciate  the  extreme  faintness  of  the 
s|>cctrum  of  an  object  of  this  class  and  the  resulting  difficulties 
of  i4>scrvation.  W.  H.  Wright. 


C  K*  THE  Short-Period  Variable,  SUDraconis,  by  C  Mar- 
tin AND  H.  C.  Plummer.* 

This  sur  was  selected  for  observation  in  order  to  test  the 
reality  of  certain  secondary  fluctuations  which  had  been  en- 
O'-.intered  in  the  course  of  the  work  with  the  Dunsink  15-inch 
rri^ector.  The  method  employed  was  to  give  a  long  exposure 
in  the  region  of  the  variable  star,  getting  images  with  sensible 
d\>c^,  the  inner  nuclei  of  which  were  measured  with  the  microm- 
eter. Sixty-seven  measurable  exposures  were  made,  extending 
<»ver  a  period  of  about  two  months.  It  was  found  that  the 
rrbtinn  between  magnitude  and  diameter  for  the  Dunsink 
reflector  could  be  expressed  by  m  =  {i  —  bD^,  By  plotting 
m  'magnitude)  and  D^  (diameter)  for  the  standard  stars 
ch  »^n  in  the  neighborhood  of  SU,  and  drawing  a  straight  line 
thrixijjh  the  points,  m  couM  be  read  off  corresponding  to  the 
mca^ure<l  D^  of  the  variable.  From  the  maximum  of  this 
«eric>  ojmbined  with  that  found  by  Professor  *Se  a  res  in  1908, 
the  value  of  the  period  was  found  to  be  0^.6604347.  When  the 
<4>scr%*ati(>ns  were  plotte<l  it  was  seen  that  there  was,  besides 
th:'»  j>eri<><i,  a  secondary  variation  in  about  one-sixth  the  time. 
Attempts  to  determine  this  sub-period  were  unsuccessful.  By 
*>fi)ierical  harmonics,  the  following  analytic  expression  was 
.■n\e<l.  which  represents  the  observations  very  closely:  m  = 
nuij -^  .34  sin  (tf -r  239''.())  +  .19  sin  (2^ -f  271 "".())+ .15 
*:i  13^^  301"/)) -i-. 05  sin  (4^-r345''-4)  +  .03  sin  (5^-1- 
ifrf.  to  ^  ,06  sin  (6^-1-  11^.7)  +  .03  sin  (7^  +  267=^.8)  +  .02 
Mn  (  W  -f-  244 ^o)  +  .02  sin  {<)$  +  236^.8)  +  .01  sin  ( loS  4- 
^3''    7 »  +  -O'  **"  C 11^  +  i46°.o).    A  comparison  of  curve  and 
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observation  led  to  the  conclusion  that  the  error  of  observation 
was  probably  less  than  ±:  o".03.  The  general  characteristics 
of  the  visual  and  photographic  results  are  the  same,  but  details 
differ  considerably  in  the  two  methods.  A.  M.  Hobe. 


Comparison  of  Objective  Prism  and  Slit  Spectrograms, 
BY  Annie  J.  Cannon.* 
The  object  of  this  paper  was  to  see  whether  or  not  there 
would  be  any  differences  in  classifying  slit  spectrograms  an  J 
objective  prism  photographs.  For  this  purpose  spectrograms 
were  obtained  from  Yerkes,  Lick,  and  Allegheny  observatories. 
These  spectrograms,  of  all  types  of  stars,  were  classified  inde- 
pendently, all  identifying  marks  being  concealed,  and  the  results 
compared  with  the  Harvard  objective  prism  classification.  A 
list,  classified  by  Dr.  Kohlshutter,  was  also  sent  from  Mount 
Wilson  and  these  Miss  Cannon  compared  in  the  same  way. 
The  Yerkes  were  one-prism  plates  and  included  the  same  part 
of  the  spectrum  as  the  objective  prism.  The  Lick  were  three- 
prism  plates  and  gave  too  great  a  dispersion  for  general  pur- 
poses of  classification,  but  were  splendid  for  getting  relative 
intensities  of  lines.  The  Allegheny  were  one-prism  plates  and 
were  excellent  for  general  classification,  but  did  not  show  the 
faint,  hazy,  dark  lines  so  clearly  as  the  objective  prism.  The 
general  conclusion  was  that  there  were  only  slight  differences 
between  the  objective  prism  and  slit-spectrogram  classifications, 
the  tendency  being  to  put  the  slit  spectrograms  a  little  later 
in  the  scale.  A.  M.  Hobe. 


Volume  XX  of  the  Argentine  National  Observatory  at 

C6RD0BA. 

This  publication  contains  the  results  of  the  meridian  circle 
observations  which  were  made  in  the  years  1885  to  1890,  in- 
clusive, under  the  direction  of  the  late  Dr.  J.  M.  Thome,  and 
which  were  reduced  under  his  supervision. 

The  catalogue  includes  5.791  stars,  all  of  which,  with  the 
exception  of  sixty-eight,  are  south  of  the  equator.  The  list 
includes  the  303  stars  which  make  up  the  fundamental  catalogue 


» Annals  of  Harvard  College  Observatory,  Vol.  LVI.  No.  VIII. 
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I-  r  the  southern  Gesellschaft  zones.  Observations  of  the  greater 
part  of  the  bright  stars  were  included  in  the  Argentine  General 
L  aii3*\\;;p$r.  Volume  Xl\\  of  the  same  observatory.  The  faint 
^tar«  of  this  later  catalogue  were  mostly  observed  as  part  of  a 
M.-tTnc  to  provide  a  network  of  star  places,  one  every  lo'  of 
iorlinatioo,  at  intervals  of  two  minutes  of  right  ascension.  Suf- 
iiK  :cnt  stars  do  not  exist,  of  the  brightness  possible  to  observe 
m  :th  the  original  meridian  circle  at  Cordoba,  to  complete  such 
a  •ie'*iii;n.  The  Zone  CcUalague,  though  giving  fairly  good  dis- 
trilnitum,  leaves  some  gaps,  most  of  which,  however,  it  would 
n-  4  be  possible  to  fill  with  available  stars. 

The  caulogue  includes  the  fundamental  stars  used  for  clock 
crr-r*  and  for  the  determinations  of  azimuth.  It  contains 
reference,  by  numbers,  to  the  General  Catalogue  and  the  Zone 
t'jrd.V;;«^  of  Cordoba,  and  to  the  several  parts  of  the  visual 
4r«!  photographic  Durchmusterung  of  the  southern  sky.  For 
the  brightest  stars,  those  designated  by  letters  in  the  constel- 
latxins.  no  references  are  given.  For  many  of  these  bright 
«tar\.  more  than  one  value  of  the  magnitude  has  been  printed, 
tb-mgh  the  practice  usually  followed  has  been  to  give  the  mag- 
n:tuile  adopted  by  some  standard  authority.  The  Uranomclry 
a!f.»nl<  tsuch  a  standard,  and  certainly  none  of  the  estimates  of 
h^.;:ht  stars  made  by  meridian-circle  observers  can  be  consid- 
crci  a^i  trustworthy  in  comparison  with  it. 

The  improvement  in  the  financial  condition  of  the  country, 
ar-i  a  more  liberal  policy  to  the  observatory  on  the  part  of  the 
J  %emment,  have  finally  remedied  the  delay  in  the  publication 
*'f  these  observations,  made  more  than  twenty  years  ago.  Of 
rSe  men  attached  to  the  observatory  at  that  epoch,  Johann 
D^i-f.-^sKN  is  the  only  member  of  the  present  staff. 

March  10.  1913.  R-  ^-  TuCKER, 


"Exte.\-Mercurial"  Planets. 
A  in^eat  deal  has  been  written  on  Bode's  well-known  law  of 
::aiietary  distances,  but  it  is  doubtful  if  a  more  novel  aspect 
i'f  the  law  has  ever  been  developed  than  that  which  is  given 
bv  Professor  C.  V.  L.  Chabliea  in  his  paper,  "Das  Bodesche 
<>^etz  nnd  die  sogenannten  intramerkuriellen  Planeten."' 
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This  law  of  planetary  distances  is  regarded  by  most  astrono- 
mers as  simply  a  curious  coincidence,  but  Poincare  has  shown 
that  the  law  prescribes  that  the  planets  were  separated  from 
the  original  solar  nebula  at  equal  intervals  of  time,  so  that  there 
is  the  possibility  that  such  a  law  might  have  a  real  mechanical 
significance.  Why  the  planets  should  have  separated  at  equal 
intervals  of  time,  however,  remains  without  explanation. 

As  ordinarily  written,  the  law  of  Bode  is  derived  as  follows : 
Writing  down  the  progression  o,  3,  6,  12,  etc.,  and  then  adding 
the  constant  quantity,  4,  the  resulting  quantities  will  give  the 
relative  distances  of  the  planets  from  the  Sun ;  to  obtain  these 
distances  in  terms  of  the  Earth's  distance,  the  values  may  be 
divided  by  10. 

o        3        6      12      24      48      96  etc 
Adding  4 +4 

Divide  by  10. . .      0.4     0.7      i.o      1.6      2.8      5.2    lo.oetc 
This  gives  0.4  for  Mercury's  distance,  unity  for  that  of  the 
Earth,  and  holds  well  for  all  the  planets  except  Neptune, 

Now  it  has  ordinarily  been  assumed  that  to  obtain  the  prob- 
able distance  of  an  intra-mercurial  planet,  by  means  of  Bode's 
law,  the  series  should  be  extended  to  the  left  by  the  addition  of 
a  term,  — 3,  giving  o.i  for  the  relative  distance  of  such  a  body. 
But,  as  pointed  out  by  Gauss,  if  this  were  a  true  geometric 
progression  the  first  term  should  be  1.5  instead  of  o,  and 
Charlier  gives  for  the  mathematical  expression  of  Bode's 
law  the  following  formula: — 

Distance  =  0.4  +  0.3  X  2«>, 

where  n  is  a  whole  number.  The  value  n  =  i  gives  the  Earth's 
distance,  n  =  o  that  of  Venus,  while  for  the  distance  of  Mer- 
cury  n  =  — =»  .  According  to  this  formula,  then,  there  would 
possibly  exist  between  Venus  and  Mercury  an  infinite  number 
of  planets,  with  the  distances, — 

0.550,  0.475,  0.438,  0419,  0.409,  0.405,  0.402 0.400 

This  Saturn^Mke  ring  of  small  bodies,  with  its  inner  limit  at 
the  mean  distance  of  Mercury,  would  not  be  equally  distributed, 
but  the  majority  of  these  planetoids  should  be  found  at  the 
two   libration   points   which  make   equilateral   triangles    with 
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hiercury  and  the  Sun.  Such  a  ring  of  planetoids  would  serve 
to  dear  ap  the  discrepancies  in  the  motion  of  the  perihelion  of 
Mrrcmry,  Chakues  applies  a  similar  formula  to  the  satellites 
and  rings  of  StUum.  He  points  out  that  such  bodies  as  these 
planetoids  could  best  be  searched  for  at  the  time  of  a  total 
s«»Ur  eclipse,  though  it  should  be  possible  to  institute  such  a 
search  in  stations  near  the  equator  at  any  time. 

H.  D.  Curtis. 

March,  1913. 


A.  Perot:  Wave-Length  of  Solar  D^J 
In  a  former  paper  it  was  shown  that  near  the  center  of  the 
Sun  the  b^  line  of  magnesium  has  a  velocity  of  +  1.57'*"  per 
scojod,  indicating  that  the  absorbing  magnesium  is  falling  in 
tnmard  the  center  of  the  Sun.  It  was  suggested  that  this  may 
be  chie  to  the  fall  of  particles  of  negative  electricity  which  may 
dra^  the  absorbing  atoms  along  with  them. 

The  wave-length  of  Z>j  ^^'as  measured  by  interference  meth- 
«*ls  at  different  points  along  a  line  from  the  north  to  the  south 
piJe  of  the  Sun  and  bisecting  the  apparent  disk.    At  the  center 


S89S310 
Jisistfct  mi  ctmif 

of  the  Sun,  G  in  the  figure,  the  wave-length  is  58<;5.94i  Ang- 
rtnimn ;  it  decreases  as  we  go  outward  along  the  radius  toward 
the  p*»Ie.  until  about  60^  of  latitude,  A,  where,  due  to  tangential 
effect,  other  than  rotation,  the  curve  reverses,  and  the  wave- 
Icnii^h  increases  on  to  the  pole  B,  Neglecting  the  tangential 
ef?rct  and  continuing  the  first  portion  of  the  cur\'c  as  a  smooth 


•^tt^B  ffrmJmt.   tM    J*6.    I9>^. 
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sweep  down  to  Z),  it  gives  the  wave-length  at  the  edge  as 
5895.914,  corresponding  to  a  difference  of  1.37^"  from  the 
center.  The  wave-length  of  bright  D^  as  measured  in  a  labora- 
tory flame  is  5895.930.  The  flame  absarption  D^  was  meas- 
ured and  found  to  be  5895.9155,  which  agrees  within  experi- 
mental errors  with  the  extrapolated  value  for  the  Sun's  limb. 

P.  W.  Merrill. 


Upon  the  Dependence  of  the  Distribution  of  Stars  of 

EhFFERENT   SpECTRAL  TyPES,   AND  OF  THE   MeAN    PaRAU 
LAXES  OF  THE  StARS  UPON  THE  GaLACTIC  LATITUDE. 

Under  this  title  (in  German)  Professor  H.  Seeliger  pub- 
lishes in  the  Astrofwmische  Nachrichicn^  the  general  conclu- 
sions arrived  at  in  a  research  upon  stellar  distribution.  The 
detailed  results  will  be  published  later,  probably  in  the  Pro- 
ceedings or  Transactions  of  the  Munich  Academy  of  Sciences, 
which  contain  his  three  earlier  papers  on  the  same  general 
subject. 

Referring  to  these  earlier  researches,  Professor  Seeliger 
says  that  in  the  formulae  he  derived  for  the  numbers  of  stars 
of  given  apparent  magnitude  and  for  their  mean  distances  the 
facts  that  the  stars  are  not  uniformly  distributed  in  space  and 
that  they  are  not  all  of  the  same  luminosity  (Leuchtkraft) 
have  been  taken  into  account  with  their  proper  weights.  "That 
thereby,"  he  adds,  "the  correct  foundations  for  all  stellar  astro- 
nomical researches  have  been  formulated  cannot  be  gainsaid.'* 

The  present  paper  refers  to  a  study  of  what  Seeliger  calls 
the  "typical"  stellar  system  (1.  e.  one  which  assumes  that  the 
plane  of  the  Milky  Way  is  the  plane  of  symmetry  in  the  sys- 
tem), and  investigates  the  dependence,  if  any,  of  the  distribu- 
tion of  the  stars  of  different  spectral  types,  of  their  mean  paral- 
laxes, etc.,  upon  the  galactic  latitude,  or,  in  other  words,  upon 
their  distance  from  this  fundamental  plane.  His  earlier  formulae, 
referred  to  above,  gave  expressions  for  a  function  <^(i),  and 
for  D,  in  which  i  represents  the  relative  frequency  of  the  vari- 
ous apparent  stellar  magnitudes  if  all  of  the  stars  were  at  the 


*  Astronomischt  Nachrichten,  19S,  i6i,   1912. 
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«Ainc  di>uncc  from  us,*  and  Z>.  the  density  of  star  distribution 
in  a  anh  volume  of  space. 

r»y  the  use  of  these  two  formube,  with  proper  choice  of  the 
rariables  and  constants  involved,  Seeliger  finds  that  he  can  rep- 
nr^<nt  quite  approximately  the  distribution  of  the  stars  of  dif- 
ferent spectral  types  to  magnitude  6.25  tabulated  by  Pickering 
fnvn  actual  count  on  the  Draper  memorial  photographs.  He 
a!M>  finds  that,  by  a  similar  process,  he  can  reproduce,  in  a 
srencral  way.  the  average  radial  velocities  given  by  Campbell 
for  stars  of  different  spectral  type.  Investigating  the  mean 
parallaxes  of  the  stars  of  a  given  magnitude  with  the  aid  of 
the5e  formulae,  he  concludes  that  the  parallaxes  increase  as  we 
ptijcecd  from  the  pole  to  the  plane  of  the  Milk>'  Way,  so  that, 
for  example,  the  average  star  of  8.5  apparent  magnitude  in  the 
\(ilk>'  Way  is  2.34  times  as  distant  as  one  of  the  same  mag- 
nitu<k  at  its  pole. 

Skeli(;eji's  general  conclusions  are  that  the  Milky  Way  is  a 
fundamental  part  of  the  structure  of  the  entire  stellar  system 
ami  that  this  system  is  limited  in  extent  (conclusions  already 
arrivwJ  at  in  his  earlier  researches) ;  that  the  function  ^(i)  has 
the  same  form  in  all  parts  of  the  stellar  system,  and,  finally, 
that  the  a>rresfx)ndences  now  developed  confirm,  so  far  as  they 
C»">.  the  validity  of  his  formulae.  R.  G.  Aitken. 

March  10.  IQIJ. 


Srt  UF>  Spectres  des  X^buleuses  et  sur  les  Anaux;ies 

yi'oN   EN   PEIT  TIER.     NoTE  DE  M.  Je.\N   MeUNIER, 

presentIe  par  M.  Armand  Gautier.* 
Thi>  article  rq)resents  an  attempt  to  correlate  the  spectra  of 
the  nebuke  with  the  dark-line  spectrum  of  the  Sun.  As  a  basis 
f*»r  the  comparison,  the  author  offers  on  the  one  side  a  list 
*»f  eiijht  nebular  lines,  gleaned  from  some  casual  remarks  on 
the  spectra  of  the  nebube  in  the  Annuaire  du  Bureau  des  Lon- 
gitudes. The  selection  of  lines  is  unfortunate,  as  it  includes 
*i^Tie  of  the  fainter  of  the  fifty  or  more  well-known  nebular  lines 
and  <imits  many  of  the  stronger.    Oie  of  them,  4481  A,  does 


>tfi.H.M  takrt  tliit  anif  linUnce  u  the  one  exprettcd  by  the  ttelUr  parmlUx 
4  a-  1  c&lk  a  "Strtmtwetlt."  though  tht  be«t  vahie  of  the  [wralUji  of  Strims 
•  %• 
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not  appear  in  those  numbers  of  the  Annuaire  which  we  have 
consulted,  and  such  a  line  has  not,  to  our  knowledge,  been 
observed  in  a  nebula.  The  treatment  of  the  subject  has  the 
merit  of  originality,  but  evidences  so  limited  an  acquaintance 
with  the  subject  of  astronomical  spectroscopy  as  hardly  to  call 
for  serious  criticism.  For  instance,  one  is  accustomed  to  regard 
the  existence  of  helium  in  the  nebulae  as  proved  by  the  exact 
coincidence  of  the  principal  lines  of  its  spectrum  with  lines  in 
the  spectra  of  the  nebulae,  but  M.  Meunier  completely  ignores 
the  claims  of  this  element,  and  identifies  the  nebular  lines  in 
question  with  iron  lines  four  or  five  Angstroms  away.  We 
fear  that  the  paper  will  not  carry  much  weight  with  the  working 
spectroscopist,  and,  as  we  have  said,  it  seems  to  have  few 
claims  to  serious  consideration.  It  is  reviewed  chiefly  for  the 
purpose  of  calling  attention  to  the  danger  which  attends  the 
publication  of  ill-considered  articles  by  a  journal  having  the 
prestige  of  the  Comptes  Rendus  of  the  Paris  Academy.  Per- 
sons unfamiliar  with  certain  phases  of  astrophysics  might  well 
be  led  astray  in  their  notions  of  the  present  state  of  the  science. 

W.  H.  Wright. 
March,  1913. 


The  Use  of  Galactic  Co-Ordinates  for  the  Fixed  Stars. 

Mr.  Innes  devotes  Circular  No.  2  of  the  Union  Observa- 
tory* of  South  Africa  to  an  argument  in  favor  of  the  use  of 
galactic  co-ordinates  in  defining  a  star's  position  in  the  sky 
instead  of  the  usual  equatorial  co-ordinates,  right  ascension 
and  declination.    The  advantages  to  be  gained  are : — 

"(i)  The  place  of  any  star  in  any  catalogue  will  only  differ 
from  [that  in]  another  catalogue  by  errors  of  observation  and 
by  proper  motion,  therefor  catalogues  will  be  comparable  with- 
out preliminary  calculation. 

"(2)  The  reduction  to  apparent  place,  and  vice  versa,  is 
shorter  than  the  present  method. 

"(3)  The  stars  are  referred  to  their  natural  plane  of  refer- 
ence and  facts  of  stellar  distribution  and  drift,  which  are  at 
present  hidden,  are  at  once  recognized.*' 


*  Ag  a  consequence  of  the  political  reorganization  of  the  English  provinces  of  South 
Africa,  the  Transvaal  Observatory  has  become  the  Observatory  of  the  Union  of 
South  Africa.  Mr.  R.  T.  A.  Innes  continues  in  charge  as  director,  and  his  address 
is  Johannesburg,  Transvaal,  Union  of  South  Africa. 


Astronomical  Society  of  the  Pacific.  103 

Taking  for  the  position  of  the  galactic  pole  the  co-ordinates 
^:\«-fi  by  Xewcomb:  R.  A.  =  191°.! ;  Decl.  =  +  26*^.8,  and  for 
:J.c  ^A^T  apex  the  position  suggested  by  Campbell  as  most 
c.«i\enicnt:  R.  A.  =  270° ;  Decl.  =  +  30*^.  and  assuming  the 
(«ant  of  departure  for  galactic  longitudes  to  make  the  longitude 
•  t  the  M»lar  apex  o*', — Innes  gives  the  formulae,  with  illustrative 
cxaiitplc'i  and  specimens  of  tables,  for  all  the  cases  arising 
in  the  OKivcrsion  of  co-ordinates  from  one  system  of  reference 
T-.  the  other. 

Xiicc*  in  this  department  of  the  Publicatiofts  are  designed  to 
t«r  at>^tracts  merely,  and,  in  general,  to  omit  criticism,  but  I 
ihink  it  may  be  permissible  to  add  that,  though  there  are 
r-^ny  obvious  objections  to  it,  there  is  also  much  to  be  said 
in  favor  of  such  a  change  as  Mr.  Innes  suggests.  He  quotes 
rn-fr*.M>r  TrRNER's  statement,  made  in  1843 — *'Right  ascen- 
^•^  ami  declination  are  a  necessity  of  meridian  and  equa- 
t'^rial  <»hservations,  but  only  complicate  any  discussion  of  the 
:  !acr*  of  the  stars.'*  It  would  be  easy  to  get  similar  opinions 
fr»jrn  all  astronomers  who  have  engaged  in  investigations  of 
*tr!lar  motions.  As  a  matter  of  fact,  a  considerable  part  of  the 
c-npatation  involved  in  such  researches  as  those  published  in 
'-rcent  years  by  Kaptevn,  Ross.  Campbell,  and  others  has  con- 
'^ivtcd  in  the  conversion  of  the  star  places  used  from  equatorial 
!••  ^lactic  co-ordinates.  R.  G.  Aitken. 


DisTninrrioN  of  the  Spectroscopic  Binary  Stars. 

It  ha^  been  shown  that  seventy-four  of  the  ninetv'-three 
kTi-.wn  .-l/jCoZ-type  variable  stars  are  found  within  30 "^  of  the 
:*ane  of  the  Milky  Way.  This  condensation  toward  the  Milk>' 
Way  i*  nK>rc  than  twice  as  great  as  that  shown  by  the  stars 
t.>  the  ninth  magnitude  taken  as  a  whole.  The  Al^^^ol  variables 
are  all  •supposed  to  be  spectroscopic  binaries,  though  at  present 
r*-i\  the  brighter  ones  have  been  observed  for  radial  velocity. 
M.  F*  Stroobant  has  now  investigated  the  distribution  of 
•he  3n^>  sfiectroscopic  binary  stars  included  in  Campbell's  5>ec- 
«nd  Catalogue,  to  determine  whether  a  similar  tendency  is 
<^hp  'wn  b>'  them.    His  results  are  printed  in  the  Comptes  Rendus, 
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Paris  Academy,*  and  may  be  summarized  briefly  as  follows: 
Two  hundred  and  seventeen  of  these  stars  lie  within  30°  of 
the  central  plane  of  the  Milky  Way,  but  108  of  them  are  Class 
B  stars.  Since  the  known  spectroscopic  binaries  are,  with  few 
exceptions,  visible  to  the  naked  eye,  we  must  compare  this  dis- 
tribution with  that  of  the  naked-eye  stars.  Taking*  the  latter 
from  HouzEAU,  Stroobant  finds  that  2,565  of  the  5,719  lie 
within  galactic  latitude  limits  d:  30°.  Stated  as  percentages, 
about  40  per  cent  of  all  naked-eye  stars,  about  71  per  cent  of 
all  known  spectroscopic  binary  stars,  and  about  55  per  cent  of 
the  latter  when  the  Qass  B  stars  are  excluded,  lie  within  30° 
of  the  plane  of  the  Milky  Way.  The  observed  condensation  of 
the  spectroscopic  binaries  toward  this  plane  is  there  fore,  largely, 
but  not  wholly,  due  to  the  preponderance  of  the  Class  B  binaries. 

R.  G.  AlTKEX. 
March  13,  1913. 


^  Comptes  Rendus,  156,  37,  191 3. 


GENERAL  NOTES. 


The  sixty-fourth  meeting  of  the  American  Association  for 
the  A<iv3mcement  of  Science  was  held  at  Geveland,  Ohio,  from 
iVcctnber  jo,  1912,  to  January  4,  1913.  Professor  E.  C.  PiCK- 
ExiNc^  director  of  the  Harvard  College  Observatory,  was  the 
presiding  ofliccr,  but,  under  the  rules  of  the  association  the 
annual  adclress  was  delivered  by  the  retiring  president,  Dr.  C.  E. 
Itij-^EY.  Professor  Pickerinc,  in  turn,  will  deliver  the  address 
at  the  next  annual  meeting. 

iVufe^sor  E.  B.  F'tosT*  was  vice-president  of  Section  A, 
Mathematics  and  Astronomy,  and  presented  an  address  on  the 
subject  "The  Spectroscopic  Determination  of  Stellar  Velocities, 
1  im^dered  Practically."  The  Astronomical  and  Astrophysical 
S<rjety  of  America,  the  American  Mathematical  Society,  and 
the  American  Physical  Society  held  a  joint  meeting  with  Sec- 
ti'-ns  A  and  B.  The  address  of  Professor  R.  A.  Millikan, 
\ xc-president  of  Section  B,  Physics,  on  "Atomic  Theories  of 
kaiiiation,'*'  will  also  be  of  interest  to  astronomers. 

The  Council  of  the  association  adopted  a  resolution  creating 
a  v"cnmittee  of  thirty  members  to  be  known  as  the  "Committee 

•  -n  the  Pacific  Coast  Meeting,"  whose  duty  it  shall  be  to  con- 
*:.!iT  the  relations  of  the  association  to  the  exposition  and,  if 
■Jc-irable.  the  presentation  of  scientific  programs.  Director 
W  \V.  Campbell  of  the  Lick  Observatory  was  made  chairman 
■  f  :h:^  cimimittee,  the  membership  of  which  includes  many  mem- 
Vr^  of  the  scientific  departments  of  Stanford  University  and 

:  the  L'niversity  of  California.  The  San  F^rancisco  meeting 
.-  ti»  be  heW  in  the  summer  of  191 5;  the  meeting  in  December, 
:»ii3,  will  be  held  at  Atlanta,  Georgia,  and  that  of  1914  at 

Philadelphia.  

The  International  Union  for  Solar  Research  will  hold  its  next 
trvnnial  meeting  at  Bonn,  Germany,  beginning  August  i,  1913. 

•  -n  Wednesday  of  the  following  week  (August  6th)  the  Astro- 
n.*Tsi'<he  Gesellschaft  will  hold  its  meeting  at  Hamburg, 
•"iennany. 


•  r*'ftwmmr  Fuomr  h  ■pcndlni  tbe  jroir  in  Eorope.     Hb  addrc«  was  md  by  Pro- 

*  TW  ftfidrcM  M  printed  in  Scunct.  ST«  tl9«  I9>5. 


IC)6  Publications  of  the 

A  new  board  of  editors  assumed  charge  of  the  well  and 
favorably  known  English  astronomical  journal,  The  Ohserva- 
tary,  at  the  beginning  of  the  present  year.  The  Observatory 
was  "founded  in  1877  by  Mr.  (now  Sir  William)  Christie, 
who  handed  it  on  to  Mr.  E.  W.  Maunder  a  year  or  two  later. 
In  1884  Mr.  Maunder  was  joined  by  Messrs.  A.  M.  W. 
Downing  and  T.  Lewis  for  three  years,  after  which  Professor 
Turner  took  it  over  jointly  with  Dr.  Common  till  1892  and 
afterwards  with  Messrs.  T,  Lewis  and  H.  P.  Hollis  till  1893, 
since  when  the  two  latter  have  been  sole  editors."  The  new 
editors  are  Messrs.  F.  J.  M.  Stratton,  A.  S.  Ewjington,  and 
S.  Chapman.  It  is  their  intention  not  to  change  the  general 
character  and  arrangement  of  the  magazine. 


The  Obsen^aiory  for  January,  1913,  records  the  death  of 
Mr.  S.  A.  Saunder,  for  many  years  senior  mathematical  master 
at  Wellington  College,  and  long  a  member  of  the  Royal  Astro- 
nomical Society.  Mr.  Saunder  was  known  as  an  authority  on 
selenography,  and  his  principal  astronomical  work  related  to 
the  accurate  measurement,  from  photographs,  of  the  positions 
of  points  on  the  Moon's  surface.  "In  1900  the  number  of 
points  on  the  Moon  whose  places  were  known  with  any  pre- 
tension to  accuracy  was  162,  due  mainly  to  Lohrmann  and 
Madler.  In  1910  the  number  of  points  was  3,012,  of  which 
2,885  were  due  to  Saunder.  The  probable  error  of  a  measure 
had  been  reduced  from  7".02  to  o".is." 

It  was  Mr.  Saunder's  intention  to  establish  a  definitive  sys- 
tem of  lunar  nomenclature,  and  this  scheme  was  undertaken  in 
co-operation  with  Professor  Julius  Franz,  director  of  the 
observatory  at  Breslau.  ^Science,  in  the  issue  for  February  21, 
1913,  records  the  death  of  Dr.  Franz  also,  but  it  is  understood 
that  this  plan  was  practically  completed,  and  that  as  soon  as  a 
new  map  of  the  Moon,  now  in  process  of  construction,  has  been 
completed  the  definitive  nomenclature  recommended  by  these 
eminent  selenographers  will  be  transferred  to  it. 


The  National  Academy  of  Sciences  will  hold  an  adjourned 
meeting  on  April  22d-24th  to  celebrate  the  fiftieth  anniversary 
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•  i  itv  t«>un(lation.  In  addition  to  the  American  speakers,  three 
V  i:r«»|H:an  men  of  science  have  been  invited  to  give  addresses — 
lVt»ie^>*»r  J.  C  Kaptkyn,  Professor  Arthur  Schuster,  and 
I'r-'fc->i»r  Thi^U)I)()R  Ikx>Hi.  Professor  Kapteyn's  subject  will 
I*    'The  Structure  of  the  Universe." 


A  ureat  many  lectures  have  been  given  within  the  past  few 
T"  Tt'i^  by  prominent  astronomers  in  this  country  and  in  Europe 
\zi  which  the  results  of  recent  researches  on  the  motions  and 
«'  MriUuion  of  the  stars  have  been  presented  to  general* audi- 
t  •  oc^-  Among  these  we  may  note  a  series  of  three  on  **The 
M.'\cmcnl.s  of  the  Stars"  begun  on  February  25th  at  the  Royal 
!'-tituti<»n  bv  Professor  H.  H.  Turner. 


N!.j:«»r  E.  H.  Hn,Ls  has  been  appointed  honorary  director 
<-:  tin:  Ihirham  I'niversity  Observatory. 


Tl>e  Astrommiisch^  Sachrichten  has  begun  to  issue  a  Liter- 
xi'-.fc'ncs  Bcibhut,  which  contains  short  abstracts  of  astronomical 
;^:bhcati<»ns — btHh  books  and  articles  in  periodicals.  The  last 
ru'nl)er  i«ue<I  is  Number  6,  which  was  closed  on  January  1, 


Tlie  Astronomical  Society  of  Mexico  has  decided  to  offer 
A  "ictial  and  diploma  to  any  astronomer  who  discovers  a  comet 
The  metial  will  be  known  as  the  Carolina  Herschel  Medal. 


Scu-ncc  states  (March  7.  u>i3)  that  an  anonvTnous  donor 
:js  offered  the  I'niversity  of  Cambridge  (England)  £10.000 
t  wards  the  endowment  of  a  chair  of  astrophysics. 


The  I^lande  Prize  of  the  Paris  Academy  of  Science  has  been 
iA.^rdeti  to  Pn)fessors  H.  Kobou)  and  W.  W'irtz  for  their 
w-  rk  1*0  the  determination  of  the  motions  of  nebulae.  The 
\c..'Itniy  awarded  the  \'alz  Prize  to  M.  Alexandre  Stuxu- 
•.  X--K  for  his  work  on  comets,  and  the  Jannsen  Prize  to  M.  A. 
Pf«i»t  f«»r  his  work  in  siHrctn>scopy.  particularly  with  reference 
!••  ^-'tar  phenomena. 


io8  Publications  of  the 

From  the  list  of  members  and  correspondents  of  the  Acad- 
emy, printed  in  the  first  number  of  the  Comptcs  Rcndus  for 
191 3,  it  appears  that  only  four  Americans  are  now  correspond- 
ing members.  Three  of  these — G.  W.  Hill,  E.  C  Pickering. 
and  G.  E.  Hale — are  astronomers.  The  fourth  is  A.  A. 
MiCHELSON,  the  physicist. 


The  gold  medal  of  the  Royal  Astronomical  Society  has  been 
awarded  to  M.  H.  A.  Deslandres  for  his  investigations  of  solar 
phenomena  and  other  spectroscopic  work.  The  Jackson-Gwilt 
Medal  has  been  awarded  to  Rev.  T.  H.  E.  Espin  for  his  ob- 
servations of  the  spectra  of  stars  and  his  discover^'  of  Nam 
Lacertcp. — Th^  Obscrinxtory, 


Periodic  comets  due  to  return  to  perihelion  in  the  present 
year  include  Holmes's  Comet,  period  6.86  years:  Finlay's 
Comet,  period  about  6J^  years;  Kopff's  Comet  (1906 IV), 
period  6.67  years.  These  belong  to  Jupiter's  comet  family. 
The  first  named  was  so  exceedingly  faint  at  its  last  return,  in 
1906,  that  it  is  very  doubtful  whether  it  will  be  seen  again. 
The  chances  for  the  detection  of  Finlay's  Comet  are  rather 
better.  The  orbit  of  Kopff 's  Comet  must  be  regarded  as  some- 
what uncertain,  as  it  has  been  observed  at  one  apparition  only. 
In  addition  to  these,  the  only  periodic  comet  whose  return  can 
be  hoped  for  during  the  year  is  Westphal's  Second  Comet,  dis- 
covered on  June  27,  1852.  If  the  period  of  about  sixty  years 
is  correct,  this  object  should  now  be  approaching  the  Sun. 
Search  ephemerides  for  this  comet  are  given  by  M.  A.  Hnatek 
in  AstronmniscJie  Nachrichtcn,  193,  205,  191 2,  and  for  Finlay's 
Comet  by  M.  G.  Fayet  in  Astrofiomische  Nachrkhten,  193, 
333.  1913-  

M.  B.  Baillaud,  director  of  the  Paris  Observatory,  has 
been  elected  president,  and  M.  H.  Deslandres.  director  of 
the  Meudon  Observatory,  vice-president,  of  the  Paris  Bureau 
des  Longitudes  for  191 3. 


Sir  David  Gill  has  been  elected  the  first  honorary  member 
of  the  Astronomical  and  Astrophysical  Society  of  America. 
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^— v<  \1II  of  the  BjrLawf  of  the  Society,  at  amended  in  1903,  readi  as 
<        «•      "l-arh  active  member  shall  pay.  as  annual  dues,  the  sum  of  five  dollars, 

•  .♦  -.  the  first  day  of  January  each  year  in  advance.  When  a  new  member  is 
9-.".  -j'ing  the  hrst  quarter  of  any  year,  he  shall  pav  full  dues  for  such  year; 
«••'-  rrctc:  dnrtnc  the  second  Quarter,  he  shall  pay  three  fourths  only  of  such 
l.--^  m*-*^.  «:cctrd  dormf  the  third  quarter,  he  shall  pay  one  half  only  of  such  dues; 
«*rr  r.e<tr<l  during  the  last  quarter,  he  shall  pay  one  fourth  only  of  such  dues; 
y.  «>  ^  h*.  wever,  that  one  half  only  of  the  dues  in  this  article  provided  for  shall 
t«  c  <>ctol  t'om  any  member  who  is  actually  enrolled  as  a  student  at  a  university. 
wr.  •  A'v  htgh  school,  or  other  similar  institution  of  learning,  during  such  time 
as  '  ••  »»  mrollcd.  .  .  .  Any  member  mav  be  released  from  annual  dues  by  the 
fAv^Tt  ot  fifty  dollars  at  any  one  time,  and  placed  on  the  roll  of  life  members  by 
I-.-    »    •»•    .  f   the   lUtard  of   Directors.   .   .   .** 

\  J  "in  for  DAst  years  will  be  supplied  to  members,  so  far  as  the  stock  on  hand 
n  t  ^  irr  t.  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries. 
>  '  %  "  .  (ITS  wtll  be  supplied  on  the  following  basis:  one  dollar  to  non-members. 
w»r-*«  *-\9  cents  to  dealers,  and  fifty  cents  to  members. 

VfrR>ScTS  wttiiin  the  United  States  may  obtain  books  from  the  library  of  the 
S-  -r-T  '  f  tending  to  the  Secretary  ten  cents  postage  for  each  book  desired. 

1  *'«  rrder  m  which  papers  are  printed  in  the  Publications  is  decided  simply  by 
-  -tv-'arDcr.  In  jrnerai.  those  papers  are  printed  first  which  are  earliest  accepted 
t  *  p.'  itatt-m.  Papers  intended  to  be  printed  in  a  given  number  of  the  Publica- 
*.  «j  ft      .ii  be  in  the  hands  of  the  Committee  not  later  than  the  20th  of  the  month 

•  "■  r*  'c  the  month  of  publication.  The  responsibility  for  the  views  expressed  in 
**«  ;«;«rrs  printed,  and  for  the  form  of  their  expression,  rests  with  the  writers,  and 
«  -  •  a%«jmed  by  the  Society.  Articles  for  the  Publications  should  be  sent  to  the 
'••  '^A-.  "i  the  Committee  on  Publication.  R.  G.  Aitken.  Lick  Observatory,  Mt. 
h<-     •   ■^.   Calitomia. 

•  r-'  -••   of   the   longer  articles   appearing   in   the   Publications  will   be   furnished 

•  •♦•  .  J        •!,  without  covers,  to  the  numlier  of  fifty  copir*.  pro\i«lcd  the  re<^ucst  for 

•  •    "r;  r  ntf   i«  made  at  the  time  the  manuscript  is  submitted.      Rinding  in  paper 
r'%    .f  cy\yr%  m  excess  of  fifty,  will  be  fumiihed  at  cost  price. 

k"*-  '*»  meetings  of  the  Society  are  held  in  San  Francisco  or  vicinity  on  the 
*•«  Sar-j'.UTS  of  January.   March.  June,  and  November,  and  at  the  Lick  Obsenra* 

•  »  .1  the  U«t  Saturday  of  August.  Members  who  propose  to  attend  a  meeting  at 
*'      '•   Hampton  should  communicate  with  the  Secretary  Treasurer,   in  order  that 

r.ts  may  be  made  for  transportation. 


PVBUCATIOSS  ISSUED   Bl-MOSTHLY. 
(February.  Afrii.  June.  August.  October.  December.^ 
r   *    •*'*^ '.  by   the   Astronomical   Society  of   the   Pacific   at   748   Phelan    Building, 
«»-     ^•--.  *'>   California.     Subscription  price,  $5.00  per  year. 


UNEXPECTED    VISITORS. 


The  Small  Spiral  Xebula  X.  G.  C.  7457  and  Meteor  Trail. 

Crosslcy  reflector,  September  11,  1912;    exposure  two  hours. 


Thk  SrikAL  Xkbula  X.  G.  C.  x¥'^  and  Trail  of  the  Asteroid  Siwa. 

Crosslcy  reflector,  April  9,    191 3;    exposure  two  hours. 
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THE  IRON   SPECTRUM. 


By  Keivin  Br»NS.* 


1 :  c  a^'trfjoomcr  has  a  twofold  interest  in  the  spectrum  of 
:r  n  In  the  first  place,  a  large  percentage  of  the  lines  which 
hi\c  l*cen  i<lcntified  in  the  spectra  of  celestial  bodies  are  due 
t  •  :M*  element.  Not  only  has  it  been  discovered  in  the  Sun 
i-  !  m  nuny  of  the  stars,  but  the  behavior  of  the  iron  lines  has 
t  ■!  \:n  'luich  concerning  the  conditions  which  exist  in  these 
S -'':'.'*.  The  progressive  changes  in  the  relative  intensities  of 
::  c  ir- -n  lines  is  one  of  the  indications  of  progression  in  spec- 
tra! t\ ;  c.  Tnjrether  with  those  of  other  elements,  the  iron  lines 
I'e  Ira'imt:  u<  to  understand  the  phenomena  which  are  ob- 
«<*M«1  in  >un-spots,  in  the  chromosphere  and  in  other  parts 
■f  :!^.tt  ^tar  in  which  we  are  most  interested.  Through  the 
<ffcc:  .tf  prr-^ure  on  wave-length,  we  are  able  to  form  rather 
an  aciTurate  estimate  of  the  pressure  which  exists  in  the  re- 
\tr*:r'i:  layer :  by  means  of  the  Doppler  effect  we  can  study  the 
v:r.-::.iii<tn  in  the  Sun,  and  by  means  of  the  Zeeman  effect 
f*'xtc---»r  Hale  has  found  it  possible  to  observe  the  magnetic 
i"  f  hence  al*^  the  electric  conditions  existing  in  sun-spots  and 
f!^whcre  on  the  solar  surface.  In  all  these  investigations  we 
i-T  •'  -c  **T  Ic^N  concemefl  with  the  iron  spectnnn, either  directly 
■r  ir.tlirectly. 

!  r.  a-'iile  from  the  interest  attaching  to  the  iron  lines  them- 
*<l%-<r-,  there  is  the  fact  that  iron  has  long  been  u^^ed  to  furnish 
t  e  *tan<i.-ir<!*»  with  which  the  spectra  of  terrestrial  or  celestial 
*.  -irrrN  ane  c<xnpared.     Much  of  our  knowledge  of  the  radial 

••'      F:-  t«i   }•»%   held   the   Martin   Kellofg   Fellowship   of   the    Lick   Ob«erratory 

•      -«•••**  J  'f'T'.ic  ^cart  101 1-1915.     He  ipent  the  major  portion  of  the  year  iqii- 

■•    •-*    t  '  >rrftitv  of   Itonn,   hi«  principal  work  beinf  the  investifation   of  the 

«.^...    .   .  I    ,,   ^     nn<4cr  the   dirrctton  of  Profe««or   RATiri.      He   \%  at   present   at 

^'•'•^     •     .    .».  itn«    hn    re*rarch    work    In    the    laboratory   of    MM.    Fabit    and 


•  •    * 


hi 
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velocities  of  the  stars  rests  on  measurements  of  the  iron  spec- 
trum, either  as  terrestrial  standards  or  as  lines  in  the  stars 
themselves.  Hence  the  great  amount  of  labor  which  has  been 
spent  in  determining  accurate  values  for  the  wave-lengths  of 
the  iron  lines. 

Quite  recently  the  International  Solar  Union  made  a  series 
of  recommendations  looking  to  the  determination  of  a  new 
system  of  wave-lengths  having  an  accuracy  sufficient  for  all 
present-day  purposes.  The  wave-length  of  the  red  cadmium 
line,  as  determined  by  BENoir,  and  Fabry  and  Perot,  was 
chosen  as  the  basis  of  this  system.  The  absolute  wave-length 
of  this  line  was  determined  by  counting  the  number  of  times  its 
length  is  contained  in  that  of  the  standard  meter.  This  count 
was  made  by  the  ingenious  method  devised  by  Michelsox,  and 
when  one  realizes  that  it  takes  nearly  two  million  waves  of  this 
length  to  make  a  meter,  it  becomes  evident  that  this  funda- 
mental step  in  spectroscopic  metrology  tests  the  observer's 
fortitude  and  skill.  Now  that  this  wave-length  has  been  so 
determined,  if  some  calamity  should  cause  the  Paris  meter  to 
disappear,  it  could  be  replaced  with  an  accuracy  of  one  ten- 
millionth  of  its  length,  by  comparing  a  new  standard  with  the 
wave-length  of  the  red  cadmium  line.  In  other  words,  the 
error  in  the  wave-length  of  the  cadmium  line  is  not  greater  than 
one  twenty-billionth  of  a  millimeter,  a  quantity  much  beyond 
our  imagination. 

The  second  step  in  the  Union's  program  is  the  determination 
of  secondary  standards  by  the  interference  method  at  intervals 
of  50  A  (A  =  Angstrom  =  i  X  lO"^"*™).  The  third  step  is  the 
interpolation  of  tertiary  standards  at  intervals  of  loA  by 
means  of  measures  made  with  gratings.  The  iron  spectrum  was 
chosen  to  furnish  these  secondary  and  tertiary  standards  be- 
cause suitable  lines  are  found  in  it  throughout  the  greater  part 
of  the  region  of  wave-lengths  which  can  be  readily  photo- 
graphed. This  region  extends  at  present  from  about  2000  A 
to  9000  A.  By  means  of  Schumann  plates  it  is  possible  to  photo- 
graph, in  vacuo,  wave-lengths  as  short  as  1000  A :  and  by 
means  of  dyed  plates  and  very  long  exposures  10,000  A  can 
be  reached.  By  the  phosphorescence  method.  15,000  A  can 
be  photographed,  but  no  known  means  enables  us  to  photo- 
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;:'aph  interference  rings  of  wave-length  longer  than  9000  A 
muh^HJt  rest)rting  to  impossibly  long  exposures.  The  astron- 
<  mer's  direct  interest  in  spectra  stops  rather  abruptly  at  2900  A, 
at  which  point  our  upper  atmosphere  becomes  opaque. 

While  his  interest  in  spectra  stops  on  the  side  of  shorter 
wave-lengths  at  a  point  where  the  ordinary  photographic  plate 
1*  still  sensitive,  the  astronomer,  and  also  the  meteorologist, 
»*  greatly  concerned  in  the  improvement  of  plates  sensitive  to 
the  longer  wave-lengths.  Each  of  the  last  four  decades  has 
mitnevscd  the  introduction  of  better  methods  of  photographing 
■'•cht  to  which  ordinary  plates  are  not  sensitive;  still  it  seems 
Vnihable  that  a  systematic  study  of  the  subject,  by  a  few  per- 
^•ns  devoting  all  their  energy  to  the  undertaking,  might  accom- 
plish as  much  in  one  year  as  has  been  accomplished  in  this 
hne  in  the  last  twenty.  The  production  of  special  emulsions 
sensitive  to  the  infra  red  is  receiving  little  attention,  and  no 
'•ne  seems  to  be  experimenting  with  other  emulsions  than  those 
containing  a  haloid  of  silver.  Xo  doubt  plates  could  be  made 
which  would  be  at  least  as  sensitive  as  those  of  Captain  Abnev, 
which  no  one  else  has  as  yet  succeeded  in  making,  and  the.se 
niijht  be  greatly  improved  by  the  addition  of  a  dye.  \  syste- 
matic search  for  better  dyes  promises  very  well,  and  this  phase 
r.f  the  subject  is  receiving  some  attention,  though  not  so  much 
a<  it  deserves.  It  has  long  been  known  that  certain  alkalies 
affect  the  sensitiveness  of  plates.  For  instance,  the  use  of  am- 
T'onia  with  dicyanin  makes  the  stained  plate  more  sensitive 
•^ n  one  bathed  with  dicyanin  alone,  and  the  increase  in  sen- 
nit :vmeN>  is  most  marked  in  the  infra  red.  It  may  he  that  some 
'  ther  chemical  can  be  found  which  will  prove  to  be  better  than 
aTinxHiia  as  a  stimulant  to  stained  plates.  The  maker*;  of  com- 
'•■trcial  plates  have  only  recently  begun  to  take  a  great  interest 
in  re<l  <:ensitivc  plates.  It  is  to  be  hoped  that  color  f)h()t(>graphy 
w  '11  stimulate  the  search  for  plates  more  sensitive  to  red  light. 
The  growing  use  of  the  neon  tube  as  a  means  of  illumination 
T!a\  also  increase  the  demand  for  such  plates,  and  plate*^  which 
are  ver>'  sensitive  to  red  are  likely  to  be  somewhat  sensitive 
•o  the  infra  red. 

The  work  of  determining  secondary  standards  wa^  under- 
taken by  BrissoN  and  Fabry  at  Marseille,  by  Eversiifim  at 
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Bonn,  and  by  Pfund  at  Baltimore.  The  wave-lengths  of  lines 
which  are  to  be  used  as  standards  are  compared  with  that  of 
the  red  cadmium  line  by  the  method  of  Perot  and  Fabry. 
The  chief  feature  of  this  method  consists  in  measuring  the 
diameters  of  the  rings  formed  by  interference  when  light  is 
passed  through  two  plane  parallel  plates.  The  plates  are  lightly 
silvered,  to  give  the  rings  greater  brightness.  The  three  series 
of  measurements  mentioned  above  have  been  published  for  the 
region  4282  A  -  6494  A.  In  part  of  this  region  the  standards 
are  farther  apart  than  is  desirable,  and  in  the  yellow-green 
they  are  lacking.  Buisson  and  Fabry  have  measured  standards 
as  far  as  2373  A  on  the  side  of  shorter  wave-lengths,  and 
EvERSHEiM  has  reached  6941 A  at  the  other  end  of  the 
spectrum.  The  writer  has  recently  measured  a  number  of  lines 
between  the  limits  5434  A  and  6678A.  The  lines  in  the  yellow 
are  all  rather  broad  and  unsatisfactory ;  many  of  the  lines  meas- 
ured are  fainter  than  standards  should  be,  but  very  useful  in 
the  reduction  of  measures  on  the  iron  spectrum  itself.  In  spite 
of  the  rather  unsatisfactory  nature  of  these  lines,  the  writer 
considers  iron  better  than  barium  or  any  other  element  which 
has  so  far  been  suggested  for  this  region.  The  last-mentioned 
series  is  being  extended  to  8668  A,  and  one  rather  faint  line 
can  be  measured  at  8824  A.  There  are  places  between  6700  A 
and  8668  A  where  the  iron  spectrum  does  not  have  lines  close 
enough  together  to  comply  with  the  recommendations  of  the 
Solar  Union.  However,  this  region  cannot  be  observed  with  so 
great  a  dispersion  nor  with  such  accuracy  as  the  region  of 
half  the  wave-length,  so  we  may  be  satisfied  with  those  stand- 
ards which  can  be  furnished  by  iron. 

The  third  step  in  the  Solar  Union's  program  is  the  determina- 
tion of  the  tertiary  standards  at  intervals  of  not  more  than 
10  A.  The  Union  recommended  the  use  of  large  concave  grat- 
ings for  this  step,  but  the  work  has  so  far  largely  been  done 
by  means  of  plane  gratings.  The  latter  gives  a  spectrum  which 
is  nearly  linear  and  the  former  gives  one  which  is  practically 
normal ;  in  either  case  it  is  extremely  simple  to  determine  the 
wave-lengths  of  other  lines  by  interpolating  between  the  sec* 
ondary  standards.  The  accuracy  of  values  so  determined  is  not 
very  far  behind  that  of  the  secondary  standards  themselves: 
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^t;Il  ihc  writer  favors  the  determination  of  all  standards  by 
the  interference  method.  Mr.  St.  John  has  taken  up  the  work 
t'f  measuring  tertiary  standards  and  he  has  published  the 
mave-lengths  of  a  number  of  iron  lines  in  the  region  5371  A- 
^i4*>4  A,  together  with  an  estimate  of  their  fitness  to  serve  as 
«*tandards.  Dr.  Goos  has  published  measures  of  the  stronger 
:nin  lines  in  the  region  4282  A -6494  A.  Dr.  Geiger  has 
measured  the  red  and  infra  red  iron  spectrum  with  moderate 
dispersion.  His  last  line  is  9809  A,  but  only  four  lines  of 
uave-length  greater  than  9000  A  were  found.  Dr.  Geiger 
di«l  not  use  the  international  system.  Some  three  thousand  lines 
:n  the  arc  spectrum  of  iron  were  recently  measured  by  the 
»  riter  at  Bonn  by  means  of  a  twenty-one-foot  concave  grating. 
Tl>e  measures  extend  from  2373  A  to  8824  A.  By  comparing 
the  values  obtained  by  different  observers  it  appears  that  sharp 
lines  can  be  measured  with  an  accuracy  of  two  or  three  thou- 
sandths Angstrom.  Whether  or  not  spectroscopists  will  be 
satisfied  with  this  degree  of  accuracy  in  their  standards,  it  is 
at  least  certain  that  the  measurements  of  the  last  few  years 
mill  suffice  to  identify  the  iron  lines  wherever  they  may  be 
ft>und. 

We  might  contemplate  human  ingenuity  with  a  good  deal  of 
O'Tiiplacency  when  we  consider  that  thousands  of  values  can 
be  measure<l  to  one  five  billionth  of  a  millimeter.  But  if  we 
knJc  further  we  see  that  this  uncertainty  in  wave-length  cor- 
nnprwids  to  an  uncertaint>'  in  the  number  of  vibrations  per 
second  amounting  to  nearly  ten  billion,  which  shows  us  that 
there  is  still  much  room  for  improvement  in  our  metrolog)'. 
In  cvther  words,  an  error  of  three  thousandths  of  an  Angstrom 
:n  the  case  of  visible  wave-length  means  an  error  in  the  num- 
ber of  vibrations  per  second  which  is  over  half  a  million  times 
a<  great  as  the  whole  range  of  vibration  frequency  to  which 
the  human  ear  is  sensitive. 

In  Mr.  St.  John's  work,  cited,  above,  he  examined  the  lines 
tarticularly  with  reference  to  pressure  eflfect  and  it  is  his  opin- 
>'n  that  lines  which  are  greatly  displaced  by  this  effect  should 
m  t  l>e  use<l  as  standards.  This  investigator  found  several  lines 
»htch  are  di«splace<I  in  a  measurable  degree  by  a  difference  of 


Ii6  Publications  of  the 

pressure  of  one  fifth  of  an  atmosphere,  the  differenc  between, 
the  density  of  the  air  at  Pasadena  and  at  Mount  Wilson. 

Dr.  Goos  made  a  study  of  the  discrepancies  which  arise  be- 
tween different  series  of  accurate  measurements  and  in  the 
course  of  this  investigation  he  found  the  wave-lengths  of  some 
lines  to  depend  on  the  part  of  the  arc  which  served  as  source. 
By  means  of  exposures  made  with  a  short  arc  as  source  and 
others  for  which  the  center  of  a  long  arc  was  used  as  source. 
Dr.  Goos  found  that  several  lines,  particularly  in  the  green 
and  yellow,  have  wave-lengths  which  are  different  near  the 
electrodes  from  what  they  are  in  the  center  of  a  long  arc.  He 
finds  the  wave-lengths  of  such  lines  to  be  dependent  on  the  con- 
ditions under  which  the  arc  bums,  such  as  voltage,  amperage, 
size  of  electrodes  and  their  separation ;  and  he  points  out  that 
before  such  lines  can  be  used  as  standards  it  will  be  necessary 
to  determine  minutely  the  conditions  under  which  they  are  to 
be  observed.  In  the  series  of  measures  made  at  Bonn  it  was 
found  that  the  ordinary  arc  lines  frequently  have  close  com- 
panions in  the  spectra  of  the  electrodes.  There  are  scores  of 
cases  to  be  found  in  the  ultra  violet  where  a  line  which  is 
single  in  the  center  of  the  arc  has  a  companion,  perhaps  strong- 
er than  itself,  in  the  electrode,  the  separation  being  two  or  three 
hundredths  Angstrom.  Observations  have  frequently  differed 
because  one  observer  measured  the  mean  of  two  lines  and 
another  measured  only  one  of  them.  In  this  case  the  former 
is  a  measure  of  the  electrode  spectrum,  the  resolution  being  too 
small  to  separate  the  pair,  and  the  latter  is  a  measure  of  the 
spectrum  of  the  center  of  the  arc.  This  phenomenon  may 
explain  some  of  the  shifts  found  by  Dr.  Goos.  In  the  green 
and  yellow  the  lines  are  not  so  sharp  as  in  the  ultra  violet,  and 
it  is  not  possible  to  distinguish  between  a  close  companion  and 
an  unsymmetrical  broadening.  For  investigating  such  cases, 
it  is  of  great  advantage  to  have  no  astigmatism  in  the  spectro- 
graph. In  the  green  of  the  second  order  of  a  concave  grating, 
the  light  from  all  parts  of  the  arc,  is  pretty  well  mixed  by  the 
astigmatism. 

Of  the  lines  measured  in  the  iron  spectrum  at  Bonn,  about 
a  hundred  are  due  to  impurities.  Manganese,  nickel  and  chro- 
mium furnish  most  of  these;  cobalt,  calcium  and  copper  are 
represented  by  a  few  lines  each.    An  examination  of  the  relative 
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tntc-i^jties  of  these  lines  shows  that  the  spectrum  of  an  impurity 
:r.  :h<-  irt»n  arc  resembles  the  spark  spectrum  of  the  element  very 
;'  -^ly  In  this  connection  we  recall  that  M.  de  Gramont  has 
f—jnl  that  the  smallest  trace  of  an  impurity  which  will  make 
itMrl!  known  in  the  spectrum  of  another  element  always  shows 
I'c  ^inc  line<.  regfardless  of  whether  the  source  be  a  hot  flame, 
rhe  arc,  or  the  spark.  These  "last  lines'*  in  the  case  of  some 
r-irt.!'*-  are  enhanced  lines.  M.  de  Gramont  finds  that  these 
li'^t  Viz.v^  are  prominent  in  the  spectrum  of  the  chromosphere 
a'^'i  f»rc^nt  in  the  spectra  of  stars  which  have  few  metallic 
'.nc^,  viz  .  stars  of  Class  l\$  to  A5.  This  would  tend  to  show 
thit  the  elements  in  question  are  present  in  rather  small  quan- 
t  t\.  u'.u]  there  are  other  reasons  for  believing  that  this  is  the 
c-4-r  r<»r  the  absorption  is  usually  rather  weak  in  the  case  of 
the  n>ctallic  lines  in  the  spectra  of  stars  of  early  type;  in  the 
c.i-<-  <  I  the  chnimosphere  this  region  lies  high  above  the  level 
■  f  the  <k-ri^  metallic  layer  which  gives  the  absorption  spectrum. 
Ir  ^ttl'ar  <[*tctra  showing  few  metallic  lines  the  relative  inten- 
*  te*  are  m'-re  nearly  those  of  the  spark  than  those  of  the  arc. 
T:  -^  Thtii«»mcnon  has  been  explained  by  the  assumption  that 
t^'tMT  -tn-^  are  hotter  than  those  of  Gasses  F  and  G,  it  being 
St'  !  t!  at  the  <park  is  a  hotter  source  than  the  arc.  This  theory 
tKit  t'nc  s(i,irk  is  hotter  than  the  arc  is  not  borne  out  by  the 
<:  -co\rry  by  IlrissoN  and  Fabry  that  the  spark  spectrum  is 
7""«!:;re<i  in  the  arc  at  the  tips  of  metallic  electrodes.  Neither 
th:^  thcor)'  nor  the  one  attributing  the  characteristics  of  the 
S-ark  <;»cctnim  to  the  suddenness  of  potential  drop  is  strength- 
eroi  by  the  fact  that  a  trace  of  manganese  gives  the  spark 
«'*vn:m  t  f  this  element  in  the  center  of  the  iron  arc.  There 
i»  alwrivs  vtr>'  much  less  incandescent  material  in  the  spark 
than  :n  the  arc  and  this  condition  may  play  an  important  role 
m  drtcrminin^  the  relative  intensities  of  the  resulting  spectral 
':-*f  *  In  any  case  the  results  of  M.  de  Gramont  and  the  be- 
havi-r  of  impurities  in  the  iron  arc  leads  us  to  suspect  that  the 
cr:antities  of  the  elements  present  may  be  more  influential 
than  is  tJ^  temperature  in  determining  the  kind  of  spectrum  a 
iUr  imII  show.  This  consideration  should  stimulate,  if  any 
ttirr-.iUis  were  necessar>\  the  study  of  the  spectra  of  mixed 
ra^^,  and  the  study  of  the  spectra  of  metals  in  various 
>!"'•  "jtheres. 
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ABSTRACTS  OF  PAPERS  READ  AT  THE  MEETING 

OF  THE  ASTRONOMICAL  SOCIETY  OF  THE 

PACIFIC,    HELD    AT    THE    STUDENTS' 

OBSERVATORY,  BERKELEY,  CAL., 

ON  FRIDAY,  APRIL  ii,  1913. 


Among  the  papers  presented  at  the  April  nth  meeting  of  the 
Society  were  eight  by  advanced  students  of  astronomy  in  the 
Lick  Observatory  and  the  Students'  Observatory  at  Berkeley. 
Six  of  these  students — Miss  Waterman  and  Miss  Clancy, 
and  Messrs.  Merrill,  Kiess,  Einarsson  and  Havnes  —  re- 
ceived the  degree  of  Doctor  of  Philosophy  from  the  L'Uiversity 
of  California  on  May  14,  191 3.  Their  papers  were  the  theses 
they  presented  in  partial  fulfillment  of  the  requirements  for  this 
degree.  Miss  Kidder's  paper  was  the  thesis  presented  for  the 
degree  of  M.  A.,  and  Mr.  Lanzendorf's  the  thesis  presented 
for  the  degree  of  B.  S.,  awarded  at  the  same  commencement. 
The  theses  for  the  doctorate,  mentioned  above,  will  be  published 
later  in  other  journals.  Abstracts  of  the  eight  papers  are  print- 
ed here. 


CLASS  B  STARS  WHOSE  SPECTRA  CONTAIN   BRIGHT 
HYDROGEN    LINES. 


By  Paul  W.  Merrill, 
Fellow  in  the  Lick  Observatoos  1910-1913. 


The  normal  or  typical  stars  of  Class  B  show  only  absorption 
lines,  the  characteristic  lines  being  those  of  helium  and  hydro- 
gen. There  are  known,  however,  nearly  seventy  that  have 
bright  hydrogen  lines.  The  brightest  of  them,  y  Cassiopeice, 
was  discovered  visually  by  Secchi  in  1866.  Most  of  the  other 
stars  have  been  found  photographically  by  the  Harvard  College 
Observatory.  Hp  was  the  bright  ray  most  frequently  detected. 
Ordinary  photographic  plates  are  not  sensitive  to  red  light,  so 
it  remained  for  Campbell,  observing  visually  with  the  36-inch 
refractor  in  1894-5,  ^^  find  that  when  Hp  is  bright  Ha  is  also 
bright  and  stronger.     Both  bright  and  dark  hydrogen   lines 
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exi^t  in  ihf^c  stars.    Campbell  foimulatecl  the  following  rules 
c-TTcerninc:  them,  which  arc  confirmed  by  my  observations: — 

t  a  I    S  -me  stars  contain  both  bright  and  dark  hydrogen  lines, 
b  •    The  bright  lines  in  such  stars  are  those  of  greater  wave- 
kni;:h.  the  ciark  lines  are  those  of  shorter  wave-length. 

c  »   TIk-  intensities  of  the  bright  lines  decrease  as  we  ap- 
j-    ich  the  violet. 

• «'.  t  The  intensities  of  the  dark  lines  increase  as  we  approach 
tht  \  \*  k-t. 

\\  hat  actually  occurs  in  most  cases  is  the  overlapping  of 
tic  bn^ht  an<I  dark  series  of  lines,  each  agreeing  with  rules 
V  and  id»  resj)ectively.  Thus,  for  instance,  we  often  find 
J:;J  ,t-'I  \\y  complex,  consisting  of  both  bright  and  dark  lines, 
Ii«  f»r:^ht  \%ithout  visible  absorption,  H8  and  succeeding  hydro- 
;:t'i  !ine>  <lark  with  bright  parts  very  faint  if  visible  at  all. 

!lr:^ht  hrlium  lines  are  also  present  in  a  very  few  of  these 
*tar^.  and  a  few  other  bright  lines  have  been  noted. 

1  ':e  "-tiKly  nf  this  group  of  stars  made  by  the  writer  is  largely 
li:.-ti!  .»n  a  ^rries  of  photographs  of  the  red  region  of  their 
-:i-T''a-  \\a  of  y  Cassiopeia'  was  photographed  in  the  second 
'-^ 'tr  <t  a  i5,cxx>-line  plane  grating. 

!    -Mr  new  ^tars  of  Class  B  were  found  to  have  bright  lines. 

•  •"t  i.i-e  having  been  previously  suspected  by  Miss  C.xnnox. 
T  w  . «  f  tht'M  are  Pleiades  stars,  making  in  all  four  of  that  inter- 
poi-^  jrr,  up  ^o  show  bright  lines.  One  of  them,  PIcione, 
*<t-'^  t'»  have  recently  lost  its  bright  rays.  The  bright-line 
*T.r*  Va\e  a  tendency  to  gather  in  small  groups,  i.  e.  several 
arr  "I'tcn  f«»iin<l  close  together  in  the  sky.  In  general,  the  only 
;n.—   aritifs  of  their  distribution  are  those  common  to  the  whole 

•  1  *  la^<  B.  A  count  according  to  magnitude  apparently  shows 
t*  1*  trie  bri;^hter  stars  of  Gass  B  have  bright  lines  more  fre- 
./  t*r'y  than  the  fainter  ones.  We  may  take  this  to  mean  that 
a  l.i'irf:  ^tur,  of  great  intrinsic  luminosity  and  having  intense 
c.  "  '  •:  .".**  in  its  atmosphere,  is  more  apt  to  emit  bright-line 
rj-i'..r:..ns  than  a  smaller,  weaker  star. 

In  no  caM-  are  the  bright  hydrogen  lines  monochromatic,  but 
a-T  brtiad  or  <l(nible.  This  duplicity  has  been  previously  noted 
ir  a  few  m^'tance*!,  but  my  observations  show  it  to  be  of  common 
''^.'irrr'ioc,     A  large  number  of  the  lines  are  double  and  the 
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appearance  of  the  remaining  ones  is  such  that  it  seems  probable 
that  all  are  really  double,  though  not  always  detected  because 
observed  with  insufficient  dispersion,  or  because  the  components 
are  broad  and  hazy  and  run  together.  Ha  is  seldom  seen  double, 
doubtless  due  to  the  causes  just  mentioned.  In  c  Capricorni 
the  components  of  Ha  stand  clearly  apart,  with  a  separation  of 
seven  Angstroms.  The  grating  spectrograms  of  y  CassiopeuB 
give  an  intensity  curve  for  Ha  that  probably  indicates  two 
blended  components,  their  centers  being  about  three  Angstroms 
apart.    Of  the  other  hydrogen  lines  the  average  separations  are : 

B^     (21  stars)  3.5  Angstroms 

H7     (  8     "    )  2.6 

H«     (2     "    )  2.2 

In  the  individual  stars  there  are  large  variations  from  these 
numbers  and  from  their  ratios.  There  seem  to  be  no  consis- 
tent relations  such  as  those  of  Doppler  or  Zeeman  effect. 

The  components  of  the  bright  lines  do  not  unite  as  they 
would  if  due  to  a  pair  of  revolving  bodies,  within  any  period 
of  the  order  of  length  of  the  periods  of  spectroscopic  binaries 
of  Class  B.  They  stand  apart  for  months  and  years,  and  ap- 
parently permanently,  at  about  the  same  separation. 

The  bright  components  of  H)8,  of  b^  Cygni,  and  y  Cassiopeice 
were  tested  for  polarization.  The  results  were  in  general  nega- 
tive, i.  e.  no  large  proportion  of  the  light  is  polarized.  How- 
ever, one  plate  of  each  star  gave  slight  indications  of  plane 
polarization  of  the  outside  edges  of  the  double  lines. 

Complex  self -reversal,  similar  to  the  self-reversal  of  the  elec- 
tric arc,  is  favored  as  an  explanation  for  the  observed  lines. 
There  is  the  negative  argument  that  no  other  explanation  seems 
at  all  satisfactory.  The  positive  evidence  may  be  briefly  stated 
as  follows: — 

The  appearance  of  many  of  the  lines  suggests  self-reversal ; 

The  separations  of  the  bright  portions  are  about  what  one 
might  expect  under  this  hypothesis ; 

The  bright  lines  occur  in  stars  with  hot  extensive  atmos- 
pheres, and  probably  more  often  in  stars  larger  than  the 
average ; 

There  are  qualitatively  similar  reversals  in  the  Sun. 
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I>,  of  yCassiopeue  appears  on  my  plates  as  a  very  faint 
bright  line.  To  be  seen  visually,  as  it  has  been  in  the  past,  it 
w«*ul<l  have  to  be  considerably  strong^er.  In  about  a  dozen  stars 
•^veral  enhanced  metallic  lines  show  bright.  ^  Pcrsci  is  the 
Ust  example  found.  The  lines  of  this  star  correspond  closely 
to  the  stronj^st  lines  of  the  solar  chromosphere,  with  the  ex- 
ceptitm  of  the  lines  of  magnesium,  sodium,  and  helium.  The 
iine^  of  sodium  and  helium  are  dark  in  ^  Persei,  and  ma^esium 
i<  not  represented  at  all.  Many  of  the  bright  lines  are  double. 
That  the  lines  of  the  atmosphere  of  a  solar  star  should  be 
present  in  the  spectra  of  Gass  B  stars  argues  for  the  unity  of 
the  stellar  system. 

In  order  to  trace  evolutionary  relationships  we  should  have 
an  extensive  series  of  observations  of  stars  beginning  with  the 
Wolf-Rayet  t>'pe  and  extending  through  the  late  subdivisions 
of  Class  O  up  to  Gass  B ;  and,  again,  observations  of  numerous 
(^ijects  of  Gasses  A  and  F,  since  there  are  stars  classified  from 
\\o  to  Fo  which  have  bright  lines. 


THE  CLUSTER  VARIABLE  RRAK/?/E. 


By  C.  C  KiEss. 
Fellow  in  the  Lick  Observatory,  1910-1913. 


In  a  previous  article,  appearing  in  this  journal  for  August, 
lor 2,  the  writer  has  attempted  to  give  an  account  of  the  general 
features  and  characteristics  of  the  cluster  variables,  and  also 
^jfTie  theories  which  have  been  put  forth  in  explanation  of  this 
jieculiar  ly^  of  variation.  Of  the  isolated  cluster  variables, 
the  brightest  one  so  far  as  known  is  RR  Lyrce,  which  at  maxi- 
nuim  is  of  magnitude  7.0  and  at  minimum  of  magnitude  7.8. 
This  star  has  been  observed  both  photometrically  and  spectro- 
graphicaHy  at  the  Lick  Observatory  during  the  summer  and 
autnmn  months  of  1912.  Credit  is  due  to  Dr.  S.  D,  Townlev 
fir  making  a  number  of  the  earlier  photometric  ob•^:^'ations. 
An  the  other  observations  of  the  star,  photometric  and  si)ectro- 
«cn^rtc,  were  made  by  the  writer. 

The  light  cur\*e  derived  from  the  Lick  observations  differs 
liut  *ilightly  from  that  based  on  the  ob<er\'ations  made  by  W'ex- 
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DELL  at  Harvard  and  confirms  the  conclusion  that  RRL^t^p 
belongs  to  the  cluster  variables.  At  minimum  the  light  is  prac- 
tically constant  for  approximately  one  third  of  the  period.  The 
rise  from  minimum  to  maximum  is  extremely  rapid.  A  com- 
parison of  the  times  of  maximum  as  observed  at  the  Lick 
Observatory  with  the  first  epoch  of  maximum  observed  by 
Wendell,  resulted  in  a  new  period  of  0.566826  day.  In  a 
letter  to  Director  Campbell,  Hertzsprung  of  Potsdam  stated 
that  he  had  observed  a  photographic  maximum  of  RR  Lyrce  on 
J.  D.  2418919.448  Gr.  M.  T.  A  comparison  of  this  date  with 
the  dates  of  visual  maximum  resulting  from  both  the  Harvard 
and  Lick  observations  revealed  the  remarkable  circumstance 
that  in  the  case  of  RR  Lyre?  the  maximum  intensity  of  the 
photographic  rays  occurs  2.7  hours  before  the  maximum  inten- 
sity of  the  visual  rays.  A  new  epoch  of  visual  maximum  is 
J.  D.  2419697.764. 

The  spectrographic  observations  were  made  with  the  one- 
prism  instrument  attached  to  the  36-inch  refractor.  Measure- 
ment of  the  spectrograms  showed  a  variable  velocity  in  the  line 
of  sight,  the  period  of  velocity  variation  being  coincident  with 
the  light  period.  The  variable  is  therefore  a  spectroscopic 
binary.  Its  orbital  elements  were  derived  by  the  method  of 
Leiimanx-Filhes  and  later  corrected  on  the  basis  of  a  least- 
square  solution. 

RR  Lyrcr  possesses  the  characteristic  that  is  so  pre-eminently 
a  distinguishing  feature  of  the  Cepheid-Gemmid  variables — 
namely,  that  maximum  light  occurs  at  the  time  of  maximum 
velocity  of  approach  toward  the  observer.  Hence,  there  can 
be  little  doubt  but  that  the  light  variations  of  the  bright  star 
are  due,  directly  or  indirectly,  to  the  influence  of  the  less  bril- 
liant member  of  the  system.  That  eclipses  are  in  no  way 
responsible  for  the  observed  light  variations  is  evidenced  by  the 
relations  existing  between  the  light  and  velocity  curves.  We 
may  conclude,  therefore,  that  in  so  far  as  the  observed  features 
of  RR  Lyrcc  are  characteristic  of  the  group,  the  cluster  variables 
are  but  extreme  types  of  the  family  of  variables  of  which  the 
Ccphcids  and  Gctninids  are  members. 

The  most  plausible  theory  advanced  in  explanation  of  short- 
period  variation  is  the  variation-in-absorption  theory  due  to 
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I>i MAN*.  Although  this  theory  offers  an  explanation  of  the 
^Michfxmism  between  light  maximum  and  velocity  minimum, 
\ct  in  the  case  of  RR  Lyrir  it  fails  to  account  for  the  discrep- 
ancy that  exists  between  the  times  of  visual  and  photographic 
n.uxima.  Consequently,  we  conclude  that  before  a  satisfac- 
titr>*  theory  can  be  formulated  additional  knowledge  is  required 
a<  to  the  nature  of  the  light  variations  of  the  short-period 
\ariables  as  observed  in  light  of  different  wave-lengths. 

Apnl  1913. 


THE  VISUAL  REGION  OF  SPECTRUM  OF  BRIGHTER 
CLASS  A   STARS. 


By  E.  Phcebe  Watchman, 
Vassar  College  Fellow  in  the  Lick  Observatory,  191 2- 191 3. 


Plates  of  132  Class  A  stars  were  secured  with  the  one-prism 
*|>eclrographs  in  regular  use  with  the  36-inch  refractor,  cover- 
ir.tj.  in  two  sections,  the  region  K  to  H^.  The  plates  used  were 
S<:ed  23,  stained  for  the  visual  region  with  Wallace's  three- 
•i>e  s(*lution.  The  lines  present  in  the  visual  region  of  each 
^jicctrum  were  identified  by  comparison  with  the  s|)ectrum  of 
mC}i^ni,  in  the  Hartmann  spectrocomparator,  and  the  wave- 
;cn;:th  of  each  line  obtained  by  measuring  and  reducing  (by 
the  Hartmann  formula)  several  spectrograms  of  this  star. 
Lines  which  were  not  found  in  its  spectrum  and  which  appeared 
:n  <jit-ctra  of  sub-Class  A5,  were  identified  from  neiji:hl>oring 
•  *-  ."•a"'  \\t^^>  and  the  wave-lengths  obtained  by  measurments 
-f  A5  s|jectra  with  sharp  lines. 

The  re^iults  secured  were  briefly : — 

•  I  »  The  lines  in  the  visual  region  agree  in  general  appear- 
ance, in  source,  and  in  intensity,  with  those  of  the  photographic 
rti:)*rti.  The  contrast  with  the  continuous  spectrum  is  slight. 
Srwe\'er.  and  the  lines  much  more  difficult  to  obtain  than  in 
the  ph<»t<>graphic  region,  so  that  the  criteria  afforded  by  the 
\i*ual  region  seem  too  few  to  make  this  part  of  the  siK*ctrum 
c^'<iitial  in  classification  work.  The  b  group  of  maj^nesium 
*h-»us  «^teady  development  from  sub-class  to  sub-class,  and  is 
*■  f  value  for  classification  purposes ;  the  D  lines  are  exceedingly 
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erratic  and  not  to  be  depended  upon,  being  present  as  fine 
sharp  absorption  lines  in  some  Class  B  stars,  and  appearing 
only  as  a  faint  and  hazy  blend  in  some  A5  stars. 

(2)  The  lines  present  in  the  visual  region  are  the  enhanced 
lines  of  the  metals  represented,  and  include  all  the  stronger  lines 
of  the  solar  chromosphere.  Some  metals  come  to  an  apparent 
maximum  in  A2 ;  most  metallic  lines  increase  steadily  in  strength 
from  Ac  to  A8. 

(3)  The  metals  show  considerable  range  in  intensity  within 
the  limits  of  each  sub-class,  a  development  independent  of  K. 
This  is  one  cause  of  the  differences  to  be  found  among  spectra 
classified  as  alike  on  the  basis  of  K  and  the  hydrogen  lines. 

(4)  A  comparison  of  slit  and  objective-prism  plates  (based 
upon  nine  stars  whose  spectra,  with  the  slit  spectrograph, 
showed  metal  lines  unduly  strong  for  the  class  assigned)  shows 
that  the  faint  lines  are  finer,  more  clearly  defined,  and  contrasted 
more  sharply  with  the  continuous  spectrum  in  the  slit  spectro- 
grams than  in  the  objective-prism  plates.  Differences  between 
individual  lines  and  between  spectra  appear  in  the  former  which 
are  not  striking  in  the  latter.  This  is  a  second  possible  cause 
of  discrepancy  among  Class  A  stars. 

(5)  A  count  of  the  stars  of  the  Revised  Harvard  Photometry 
by  sub-classes  shows  that  for  all  except  Class  B,  more  stars 
are  included  in  sub-class  o  than  in  sub-classes  1-4  or  5-6,  in- 
clusive, and  that  in  classes  A  and  K  respectively  the  o  sub-class 
comprises  as  many  as  three  and  seven  times  the  total  number 
of  stars  in  the  rest  of  the  class. 

One  possible,  and  easy  remedy  for  the  discrepancies  among 
Class  A  spectra  is  (i),  to  adopt  Miss  Cannon's  suggestion  as 
to  shifting  the  sub-classes,  making  A3  into  A5  and  A5  into  A8, 
and  leaving  Ac  to  A2  for  stars  now  classified  as  Ac;  (2)  to 
subdivide  these  groups  on  the  basis  of  the  metal  lines,  adopting 
some  system  such  as  is  used  in  libraries  for  the  classification  of 
books,  which  is  capable  of  indefinite  extension  and  subdivision. 

April,  191 3. 
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o\    V    ZPIIPFL'S   THEORY    OF   THE    PERTURBATIONS   OF 
MINOR   PLANETS  OF  THE  HECUBA   GROUP. 


By  a,  Estelle  Glancy, 
A  in  the  Lick  Observatory,  1908-1910;  Watson  Assistant  in  Astron- 
omy. Students*  Observatory,  1910-1913. 


\\\  reason  r>f  the  difficulties  encountered  in  determining  the 
f<Tr:irliati<>ns  of  certain  minor  planets,  and  in  recognition  of  a 
fr.tv-!'i*.il  analytical  treatment  by  groups,  we  adopt  a  natural 
ar, ;  u^ful  claNsifkation  according  to  their  common  character- 
i^tK"  Tlii'*  c(immon  characteristic  is  the  near  commensurability 
«  !  t^'.o  planets*  mean  motion  with  that  of  the  primary  disturbing 
N-iy,  Jupiter. 

I  ft  Jupiter's  mean  daily  motion  be  h',  that  of  the  planet  w. 
WV.cnvvcr  the  ratio 

—  n' 

:*^  aiii'fi'xiniately  the  ratio  of  two  low  integers,  practical  dif- 

X  'w  Jupiter s  mean  motion  is  299",  and  the  planets  of  the 
CT»»i:p  to  which  Hecuba  belongs  have  mean  motions  near  600". 
Thr  rati**  i^,  therefore. 

*  •nlinurily.  the  perturbations  are  expressed  in  trigonometric 
*-tncs.  according  to  ascending  powers  of  the  disturbing  mass. 
[l*jt  !•  »r  these  planets,  which  Gylden  appropriately  calls  char- 
arteristic  planets,  the  series  converge  very  slowly,  if  they  do  not 
artua">  diverge.    Such  expansions  are.  therefore,  to  be  avoided. 

I'»r  f»rdinar>*  planets  we  employ  the  method  of  Hansen,  in 
•  h:ch  the  expansions  are  of  this  type.  It  is  easy  to  see  that 
fr  near  commensurability  Ha.nsen's  integrations  become 
--*k  terminate. 

Tlie  liifferential  equations  of  the  second  order  contain  trigo- 
Ti-'"vtric  *crics  of  the  form — 

II  sin  (/w  —  i'nO  t 
cos 

«  'c  'c  I  arid  t'  arc  integers,  and 
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The  integral  with  respect  to  the  time  is  of  the  form — 
a  sin  . .  ',    ,\  ^ 

If  n  and  n'  are  nearly  commensurable,  there  will  be  some  values 
of  i  and  t'  for  which  the  denominator  of  the  coefficient  is  nearly 
zero.    For  instance,  for  the  Hecuba  group — 

*=  I 

i'=2, 

gives  an  infinite  integrating  factor,  for  exact  commensurability. 
In  order  to  solve  the  problem  for  characteristic  planets, 
BoHLiN  adapted  the  method  of  Hansen  to  the  case  of  nearly 
commensurable  mean  motions,  by  the  use  of  the  exponential. 
Evidently,  if,  in  place  of  sines  and  cosines,  we  introduce  the 
exponential  through  the  relation — 

^ie  =  cos  ^  -f  i  sin  6, 
where 

6=  (in  —  i'n')  t, 

the  indeterminateness  for  the  case 

in  —  i'  n'  =  o. 
is  removed. 

BoHLiN  retained  the  fundamental  principles  of  Hansen  and 
his  differential  equations ;  the  departure  from  Hansen  consists 
in  the  form  of  integration.  The  method  appeared  in  1896,^  and 
was  later  extended  in  a  French  edition.^.  In  addition  to  the 
analytical  developments,  he  published  preliminary  tables  which 
are  common  to  all  groups  of  planets  and  also  those  which  apply 
to  the  particular  group  fi=z  y^. 

H.  v.  Zeipel  has  taken  up  the  Hecuba  group  according  to 
the  theory  of  Bohlin,  performing  the  integrations  in  essentially 
the  same  manner,  but  employing  his  own  formulae,  and  adding 
to  Bohlin's  work  his  own  determination  of  the  constants  of 
integration.' 


'  "Fonneln  und  Tafcln  zur  gruppenweisen  Berechnung  dcr  allgemeinen  Stor- 
ungen  bcnachbartcr  Plancten,"  Nova  Acta  Reg.  Soc.  Sc.  Uptaliensis,  Ser.  Ill,  Band 
XVIL  1896. 

'  **Sur  le  Divcloppcment  des  Perturbations  Plan^taircs,"  Application  aux  Petites 
Planetes,  Stockholm.  1902. 

'Angenahcrtc  Jupitcrstorungcn  fur  die  Hecuba-Gruppc,**  St.  Petersburg,  1902. 
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Tlic  differential  equations  of  Hansen  arc: — 

l.-*-^      -    .    -=  (I — ^COSc) 

(3)     ^--^-yj'-^)    «'*^: 


,4)     sec.-''^^-  =  Oa«-«J- 


It  is  evident  that  the  function  \V  is  very  important  and 
n:u>t  first  be  obtained  by  integration  of  (i).  The  integration 
of  (2),  13),  (4)  gives  the  three  components  of  the  planet's 
displacement  due  to  the  action  of  Jupiter, 

These  functions  may  be  expressed  in  trigonometric  series,  in 
uhich  the  argument  is  of  the  form — 

dc  +  W  +  f  A  +  rfS, 

H  here  t  is  a  disturbed  eccentric  anomaly,  A  and  S  are  constants 
'depending  upon  the  elements  w  and  O,  and  6  is  defined  through 
the  relation — 

B=  Yi  U  —  es\T\€)—g', 

t«<  be  determined  from  a  differential  equation — 

The  eccentricities  and  mutual  inclination  of  the  planet's  orbit 
an*I  Jupiter^s  orbit  appear  explicitly  as  factors  of  the  co- 
efficients. 

The  series  are  ordered  according  to  ascending  forms  of  a 
^TT'jlI  quantity  ii*,  defined  by  the  relation — 

M  =  Mo  ( I  —  «0 
^-  n 
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Since  these  series  are  functions  of  ft,  they  may  be  written  in 
terms  of  /i^  and  w. 

fM  =  f(f^)  +  fAl^o)  «'  +  f2(f^o)  Tc;^  +  . . . 

The  possibility  of  developing  the  perturbations  in  such  a 
Taylor's  series,  upon  the  basis  of  exact  commensurability.  is 
the  underlying  principle  of  the  g^oup  method. 

Two  important  facts  are  to  be  noticed:  First,  that  the  ele- 
ments appear  explicitly  in  A,  S,  n,  g^,  and  w.  In  the  method 
of  Hansen  they  are  contained  implicitly  in  the  coefficients. 
Secondly,  the  argument  $  contains  implicitly  the  perturbations 
which  are  to  be  determined. 

The  developments  proceed  according  to  positive  powers  of 
w',  and  according  to  both  positive  and  negative  powers  of  zc. 
Hence,  if  w  is  small,  terms  containing  negative  powers  are 
numerically  of  lower  order  than  is  indicated  by  the  mass 
factor.     In  place  of  the  mass  factor  as  the  unit  of  order,  the 

factor  !*?il  is  used.    Assuming  that  w  and  y/m^  are  of  the  same 

w 
order,  we  define  successive  ranks  as  follows : — 


Rank 
O 

I 

tn' 

re* 

I 

ZV 

ml. 

w 

2 

11' 

m' 

ar2 

In  general,  the  mass  factor  is  absorbed  in  the  numerical  co- 
efficients and  the  tables  have  the  following  form : — 


Sine 

Cosine  iiP;/ng2r              j^* 

^  Where,  in  general,  there 

20  ji_  ^  ^^^    three    columns    of    co- 

/)  _i    A  efficients,  e.  g.  s  has  three 

*    '           '  values  corresponding  to  the 

€  +  4^  +  3A  —  S  first  three  terms  of  the  Tay- 
lor series. 
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In  these  tables  the  arguments  arc  functions  of  both  €  and  B, 
T\<rci-  re  to  accomplish  the  integ^tion  we  write,  for  instance, 

d\V—l\V,hlV   d$ 
d*        ht  ^  i»     dt 

in  w:i:ch'"'  is  known.    The  integration  is  then  accomplished 

dt 
t>  the  ^<':ution  of  partial  differential  equations  in — 

-&  *"d  -*i? 

\\  .ih  thi>  jniq>ose  in  view,  the  functions  are  segregated  in  two 
jiart^.  «..n  which  always  contains  c  explicitly  and  one  which  is 
ir'ic;<ndmt  of  c  explicitly,  the  latter  being  indicated  by  square 
I  '-acket**.     Fctr  instance — 

\V=(\y—[W])  +  [WY 

\\  :th  theMT  general  principles,  it  is  possible  to  integrate  rank 
\*\  rank,  and  the  function  is  finally  given  by  the  sum  of  the 
irtc;^rals. 

The  vilutiun  of  these  differential  equations  includes  the  de- 
!tnr.inatii»n  of  constants  of  integration.  Since  the  method  is 
lti*^l  ufxtn  the  fundamental  principles  of  Hansen  and  the 
rztjal  elements  are  osculating  elements,  these  constants  must 
!<  <ietcrmined  to  satisfy  the  condition  that  the  perturbations 
ar.i  iht'ir  veI(Mnties  arc  zero  at  the  date  of  osculation.  Recall- 
:r^  the  fact  that  co-ordinates  and  their  velocities  for  a  given 
t  ":e  determine  osculating  elements,  it  is  clear,  by  analogy,  that 

:.lr    r  and    •*    ,  and  their  velocities  at  f  =  o,  can  be  absorbed 
cos  i 

*•'    the  dements. 

*  iivcn  ovulating  elements  and  tables  for  the  group  ^.  the 
c  o-:<itcr  dv^x  determines  this  set  of  constant  elements,  which 
"  av  \\c  tic-cribed  as  the  osculating  elements  modified  by  the 
V  -r^tant^  of  integration.  Having  these  elements  and  perturba- 
t  n-^.  taken  from  tables,  the  process  of  computing  the  disturbed 
;•■-•::  n  i^  exactly  the  same  as  in  Hansen's  method. 

The  rc^i'iiiaN  {o  —  r).  obtained  in  this  manner  for  a  suf- 
^  cn!l\  laruc  number  of  oppositions,  serve  for  a  correction  of 
•     ""•ent^. 
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Concerning  a  practical  application  of  the  method,  the  follow- 
ing general  remarks  are  of  interest: — 

First,  the  perturbations  are  large.  In  the  case  of  ( 10)  Hygiea 
nZz  reaches  the  magnitude  of  5°.  Since  the  argument  of  the 
perturbations  is  a  function  of  the  disturbed  position,  a  second 
approximation  for  w&sr  is  generally  necessary. 

Secondly,  the  computation,  inclusive  of  second  order  in  the 
mass,  second  degree  (and  occasionally  third  degree)  in  the 
eccentricities  and  inclinations,  is  quite  long. 

Thirdly,  too  much  emphasis  cannot  be  placed  upon  good  in- 
itial elements. 

Again,  a  successful  correction  of  the  elements  is  difficult. 
Although  second  order  terms  in  the  mass  are  included,  second 
degree  in  the  eccentricities  and  inclinations  (a  few  of  third 
degree),  and  the  first  three  terms  in  the  Taylor's  expansion  in 
w,  the  residuals  for  a  large  number  of  oppositions  show  an 
irregularity  of  wider  range  than  is  desirable.  To  take  up  this 
irregularity  which  may  be  due  to  some  omitted  terms  arising 
from  the  action  of  Jupiter,  or  to  perturbations  by  Saturn,  Mars^ 
or  the  Earth,  all  of  which  have  mean  motions  nearly  commen- 
surable with  the  Hecuba  group,  it  is  essential  that  the  observa- 
tions used  for  a  correction  of  elements  shall  be  well  distributed 
around  the  orbit. 

With  these  general  considerations  in  mind,  the  tables  of 
V.  Zeipel  are  considered  applicable  to  planets  of  the  Hecuba 
group,  within  the  following  limits : — 

<^=  10° 
i  =  10° 

550''  <n<  650'' 

Berkeley  Astronomical  Department, 
University  of  California, 
1913,  April. 
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THE   MINOR   PLANETS  OF  THE  TROJAX  GROUP. 


By  Stcrla  Einaksson, 
Instructor  in  Astronomy,  University  of  California. 


Tbr  dates  of  discovery  and  approximate  mean  motions  of  the 
i  <'T  vr\:^r^r  planets  belonging  to  this  group  are  as  follows: — 


Vane. 

(.O^t  Achilles 

Year  of 

DUcoTcry. 

1906 

Mean 
Daily  Motion. 

295".5 

iM7)  Pa  trod  Hs 

1906 

300  .5 

it 24)  Hector 

1907 

293  .1 

( f>59)  Sestor 

1908 

300  .8 

The  mean  motion  of  the  planet  Jupiter  is  2f)C)".i,  from  which  it 
m^r.  be  seen  that  all  five  bodies  travel  about  the  Sun  at  approxi- 
r".*te!y  the  ^amc  rate.  The  variation  in  the  distance,  asteroid- 
Ju fitter ^  durinc:  one  revolution  is  then  primarily  a  function  of 
I't'  tccentricities-  In  the  case  of  Hector,  the  eccentricity  of 
«  ".ch  IN  0.03,  this  distance  is  nearly  constant.  Achilles  suffers 
t:r  irrcatest  variation  in  distance  from  Jupiter:  but  in  no  case 
•*-^-  this  greatly  exceed  15  per  cent.  On  this  account,  the  per- 
r-Hiiti-iis  <iue  to  Jupiter  vary  slowly.  It  is  quite  probable 
t^  a:  t^.e  con^putation  of  Jupite/s  disturbing  influence  may  be 
A\-  fit- 1  fcr  <»ne  or  more  oppositions  if  its  attraction  is  taken 
:r!  .  a.'c  nmt  in  the  computation  of  the  preliminary  orbit.  Ow- 
"C  t"  thi-i  near  equalitv'  of  mean  motions,  and  smallness  of 
<T.T-::r:o*ty.  the  configuration,  /M/>f/rr-Sun-asteroid,  remains 
:rj.-t:^', '!y  unchanged  during  the  revolution  about  the  Sun. 
Tbrre  «»f  li^e^e  bodies  are  in  the  region  60°  in  advance  of 
/ 1  ''.r.r  :is  <<-en  from  the  Sun,  and  one  60°  behind.  There  may 
\k  dtfarture^  as  great  as  15°  to  20°  from  the  equilateral  tri- 
iTV'V  Cftini^iration.  They  nevertheless  suggest  L.kpi--\cf/s 
fi"-  t:s  <M  lution  of  this  special  case  in  the  problem  of  three 

L\rr\<  K  proved  that,  given  certain  mass  ratios  and  initial 
vr!^.i!io**.  the  equilateral  triangle  configuration  would  remain 
r-^!i.i'^;;cd  during  the  revolution  of  the  system  about  its  center 
'  i  niA-i*,  As  applied  to  our  solar  system,  since  the  mass  of  the 
S.'n  IN  trreat  as  compared  with  the  masses  of  the  planets,  this 
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amounts  to  a  revolution  of  the  equilateral  triangle  about  the 
vertex  at  which  the  Sun  is  situated. 

According  to  the  investigations  of  Professor  E.  W.  Brown, 
the  perturbations  suffered  by  the  Trajan  group  are  of  long 
period — probably  150  years.  His  researches  show  that  the 
oscillations  may  be  librational ;  that  is,  that  the  changes  in  the 
mean  motion  may  be  such  as  to  carry  the  body  from  inside  to 
outside  (and  znce  versa)  of  the  orbit  of  Jupiter.  These  oscil- 
lations may  become  large.  In  extreme  cases  the  body  may  be 
carried  from  one  triangle  point  to  the  other  on  the  opposite 
side  of  the  Sun  from  Jupiter,  Brown  has  also  been  led  to  the 
interesting  conclusion  that  this  long-period  variation  in  the 
mean  motions  is  very  nearly  independent  of  the  inclinations  and 
eccentricities. 

Definitive  osculating  orbits  of  these  bodies  will  be  of  great 
assistance  in  the  verification  of  these  theoretical  considerations. 
Only  one  has  been  computed  to  date,  that  of  (624)  Hector,  by 
Professor  Stromgren  of  the  University  of  Copenhagen.  The 
difficulties  which  he  experienced  and  the  great  amount  of 
numerical  work  which  he  had  to  perform,  led  to  the  investiga- 
tion of  the  most  suitable  methods  for  the  derivation  of  osculat- 
ing orbits  for  the  minor  planets  of  this  group. 

Comparison  of  cometary  orbits  computed  by  many  different 
methods  has  established  the  fact  that  the  Laplacean  methods 
yield,  almost  without  exception,  more  accurate  results  and  in- 
volve considerably  less  numerical  work.  In  addition,  when  the 
attraction  of  a  third  body  is  appreciable,  that  method  will  yield 
the  most  accurate  results  which  takes  immediate  account  of 
this  attraction  in  the  computation  of  the  preliminary  orbit. 
Investigation  of  the  orbits  of  (624)  Hector  and  (588)  Achilles 
was  undertaken  by  Leuschner's  method  of  deriving  orbits  on 
the  basis  of  more  than  one  attracting  body  in  order  to  supply 
actual  numerical  verification  of  these  statements. 

It  has  been  found  in  these  two  cases  that  an  orbit  based  on 
the  observations  of  one  opposition,  and  computed  by  Leusch- 
ner's  method  of  taking  immediate  account  of  the  perturbations, 
will  represent  the  observations  of  the  preceding  or  following 
opposition,  without  further  perturbations,  within  a  minute  of 
arc.     The  orbit  of  (624)  Hector  gave  a  better  representation 
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only  4J^  hours  and  a  geocentric  arc  of  8'.  The  problem  was 
rendered  still  more  difficult  by  the  smallness  of  the  geocentric 
distance.  Indeed,  the  equation  in  the  geocentric  distance  result- 
ing from  a  computation  neglecting  the  parallax  had  no  positive 
root.  Very  fortunately,  however,  Professor  Leuschner  has 
recently  developed  a  method  for  complete  elimination  of  the 
parallax  in  orbit  computations  by  Laplacean  methods.  The 
application  of  this  method  to  the  problem  in  question  resulted 
directly  in  an  orbit  which  represented  all  observations  to  within 
their  probable  relative  uncertainties.  This  orbit,  together  with 
a  search  ephemeris,  was  published  in  Lick  ObserzKJtory  BuUetin, 
No.  2 ID. 

Using  the  ephemeris  just  mentioned,  Mr.  DAvrosoN  discov- 
ered three  undoubted  images  of  the  planet  on  plates  secured  at 
Greenwich  on  the  night  of  October  nth  with  the  30-inch 
reflector.  Since  the  discovery  of  these  observations  eight  other 
images  have  been  found  at  various  places  and  announced  as 
possible  trails  of  MT.  It  was  immediately  realized  that  not 
all  of  these  positions  could  be  represented  by  any  single  orbit ; 
but  it  was  hoped  that  enough  of  them  might  prove  consistent 
with  the  undoubted  observations  and  with  each  other  to  justify 
the  definite  rejection  of  all  others.  Three  of  the  eight  observa- 
tions come  near  realizing  this  condition,  leaving  outstanding 
relative  discrepancies  of  about  twenty  or  twenty-five  seconds 
of  arc.  The  errors  of  the  photographic  observations  are  cer- 
tainly large,  but  probably  not  as  large  as  this  would  require; 
moreover,  this  orbit  is  rendered  doubtful  by  certain  theoretical 
considerations.  It,  therefore,  seems  advisable  not  to  reject 
oflfhand  any  of  the  eight  observations,  but  to  derive  alternative 
solutions  upon  the  basis  of  the  undoubted  observations  and  all 
others  one  at  a  time  so  as  not  to  overlook  any  possibility  of 
deriving  the  planet's  real  motion.  This  program  is  not  yet  com- 
plete, but  it  is  hoped  to  have  the  discussion  of  all  of  the  observa- 
tions finished  before  the  next  favorable  opposition  by  any  of 
the  resulting  orbits. 

A  very  unfavorable  opposition  of  191 1  MT  occurred  some 
time  early  in  the  present  year.  The  brightness  was  in  the 
neighborhood  of  the  twentieth  magnitude.  Dr.  Curtis  of  the 
Lick  Observatory  kindly  oflFered  to  make  a  search  for  the  planet 
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«iih  the  Crossley  reflector,  and  ephemerides  based  upon  the 
!TH-5t  probable  orbit  were  furnished  him.  During  the  course 
uf  his  search  he  discovered  three  minute  planets  in  the  imme- 
diate neighborhood  of  the  positions  indicated  by  one  of  the 
qihemerides.  Enough  observations  of  all  three  were  secured 
tM  render  it  certain  that  none  were  identical  with  igii  MT. 
This  failure  to  find  the  planet  does  not  justify  the  rejection  of 
the  orbit  upon  which  the  search  was  based,  because  the  pre- 
dicted magnitude  is  very  uncertain  and  the  planet  may  have  been 
in  the  region  photographed,  but  too  dim  to  be  reached  even  by 
the  Crossley.  A  more  favorable  opposition  will  occur  in  1915 
and  it  is  hoped  that  the  planet  may  be  recovered  at  that  time. 

BiaKficY  Astronomical  Department, 
L\xi\f«siTY  OP  Caupoknia, 
1913,  April 


A  COMPARISON  OF  PHOTOGRAPHIC  WITH  THEO- 
RETICAL POSITIONS  OF  MINOR  PLANETS:  (105) 
ARTEMIS,  (115)  THYRA.  (119)  ALTHJEA,  (133) 
CYREXE,  (139)  JUEIVA,  (174)  PH£DRA. 


By  Anna  R.  Kidoes, 
University  Fellow  in  Astronomy,  1912-1913. 


"By  the  will  of  James  C.  Watson,  who  died  in  1880,  a  fund 
wa.*  befiueathed  in  trust  to  the  National  Academy  of  Sciences 
1-  r  the  purpose  of  promoting^  astronomical  research."  Among 
other  things,  this  was  to  include  "the  construction  of  tables  of 
the  minor  planets  discovered  by  the  testator."  In  1901,  Pro- 
fe^wir  Lei'schner  was  chosen  to  direct  in  person  this  work, 
which  "was  to  embrace  the  numerical  development  of  the  per- 
tarfaatsons,  including  terms  only  of  the  first  order  with  respect 
•'•  the  mass  of  Jupiter,  by  Hanson's  method;  a  correction  of 
tlw  elements  b>'  means  of  the  differences  between  the  com- 
;  titcii  and  observed  positions  for  all  available  oppositions ;  and 
the  ci^nstmction  of  tables  to  facilitate  the  computation  of  posi- 
ts*-n*  to  the  nearest  minute  of  arc,  from  the  date  of  discovery 
to  1930."' 

■  Ta^W«  €»i  minor  pUnett  dwcoverefl  by  Jamii  C    WATt^iii:    AiMiM  O.  LxriCHKtB. 
V#«  ('^f  *t  tk^  .N  «f *«  kW  .-Icadrmy  of  *nifncft,  \'oIamr  X. 
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In  1910  the  first  series  of  these  tables  were  published  in 
Volume  X  of  the  Memoirs  of  the  National  Academy  of  Sci- 
ences, It  contains  the  tables  of  twelve  of  the  twenty-two  minor 
planets  discovered  by  Watson.  The  elements  and  perturba- 
tions in  the  case  of  each  asteroid  are  based  on  oppositions  ex- 
tending frcHU  the  date  of  discovery  to  about  1900,  the  latest 
opposition  used  in  any  case  being  that  of  1904.  It  was  therefore 
desirable  that  the  accuracy  of  the  tables  be  tested  by  compari- 
son with  observations  at  a  much  later  opposition.  Upon  inves- 
tigation, it  was  found  that  oppositions  of  six  of  these  twelve 
asteroids  occurred  between  September,  191 2,  and  May,  191 3, 
and  a  comparison  between  photographic  and  theoretical  posi- 
tions could  thus  be  made. 

The  work  as  outlined  included  the  computation  of  an 
ephemeris  covering  the  date  of  opposition  for  each  asteroid, 
based  upon  the  tables  already  referred  to;  the  observation  of 
each  asteroid  with  the  photographic  telescope  at  the  Students' 
Observatory;  the  measurement  and  reduction  of  the  plates; 
and  a  comparison  of  the  photographic  positions  with  those 
computed.  Ephemeris  positions  of  minor  planets  ( 105)  Artemis, 
(174)  Phsdra,  (133)  Cyrene,  (115)  Thyra,  and  (139)  Juetva, 
were  thus  computed,  according  to  the  directions  and  following 
the  example  given  in  Volume  X  of  the  Memoirs  of  the  National 
Academy  of  Sciences.  For  these  five  asteroids,  in  opposition 
in  191 2,  a  comparison  between  the  ephemeris  computed  and 
the  ephemeris  published  in  the  1914  Berliner  Astronomisches 
Jahrbuch  could  also  be  made.  The  191 5  Jahrhuch^  which  gives 
the  opposition  ephemeris  of  the  sixth  asteroid,  (119)  Althaea, 
has  made  use  of  Leuschner's  tables,  so  that  the  computation 
of  another  ephemeris  was  unnecessary.  All  work  was  checked 
independently  by  Miss  Florence  Ryle.  By  interpolation 
from  the  special  tables  for  the  planets  the  perturbations  nhz, 
S  log  r=:  log  (i  -\-v^),  and  7*/cos  1,  were  formed,  with  the  fol- 
lowing result: — 


PERTURBATIONS. 

nbs 

log  ( I  -1-  r) 

U/C05  f 

(105)  Artemis 

Oct.  28.5 

+  0^.01 16 

—  0.000218 

—  o°.o698 

(174)  Phcsdra 

Nov.  27.5 

—  0  .3366 

—  0.000508 

—  0  .0293 

(133)  Cyrene 

Dec.  07.5 

+  0  .8492 

—  0.001462 

—  0  .oaoo 

(155)  Thyra 

Dec.  17.5 

—  0  .2287 

—  0.000589 

—0  .0455 

(139)  Jucwa 

Dec.  07.5 

+  I  .9104 

—  0.001544 

+  0  .0041 
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Th<  comparison  between  the  ephemeris  positions  computed 
-n  the  basis  of  Lei'schner's  elements  and  perturbations,  and 
the  ephemeris  published  in  the  1914  Berliner  Astronomische 
Izhr'^uck.  is  shown  in  the  following  table.  The  table  shows 
the  c  rr:|iariM>n  for  only  one  date  of  each  ephemeris,  the  resid- 
ua!^ in  •  an<]  I  being  practically  constant  for  all  the  dates  of 
tA'h  cy*hemeris: — 


r^'lm  M-T. 

Let 

SCHNEI. 

Jahibvch. 

(B.J.— 
A.  0.  L.) 

h*« 

a 

.  •-    .'. 

Aa      A« 

m           ' 

■5      ArUfiS 

Oct   As 

0  53  19 

—  2   10.8 

0  55  3     —  2  05 

+  2.T  +6 

I  '   r  hj'Jrj 

Nov.  27. S 

4  50.81 

+  39  15.7 

4  53  8   -f  39  20 

+  3.0+4 

'     CyrrK£ 

Dec.  07.5 

5  a8.73 

+  32  00.6 

5  34.8   +  32  00 

+  6.1  —I 

:     Thyrj 

rvc.  17.5 

6  06^1 

4-38  oai 

609.5   +3805 

+  31  +3 

-     '■  -:.•! 

Ufc  07.5 

7  10.59 

+  39  27.2 

7  03.5   +  39  36 

—  71  +9 

V-  alrta.ly  >tate<l,  no  ephemeris  was  computed  for  (no) 
r  .  1.  I.f  I  M  M  vkr's  elements  and  perturbations  being  used  in 
•  t  c- T'-'itation  of  the  ephemeris  for  the  planet  given  in  the 
1, 1 5  /•.*•■ ':'.t*r  Jahrhuch.  The  residuals  in  the  above  table  indi- 
-  •*•  t!  at  in  every  case  the  position  as  given  by  the  Jahrbuch 
I*  m  <"-  r  by  an  amount  which  might  lead  to  wrong  idcntifica- 
:  n  I  :  :  larcts. 
1'   '  rititin  the  necessar\'  observations  for  comparison  with  the 

c tcl  T->^iti*»ns.  photographs  were  taken  with  the  telescope 

U'  '.:'!',::  u\  the  Students*  Observatory.  This  telescope  is  a 
.•  i.*.  t  ■-'••uhinatitm  of  the  fxjrtrait  lenses  of  5''.5  and  CV  aper- 
r:'-  ..nd  aUut  22"  and  30"  focal  length,  respectively.  Two 
-  :**r«t  ;»r^»t'i;raphs  were  taken  for  each  asteroid  except  the 
^'-T      :<*^  <  Jrtnnis,  which  it  was  impossible  to  get  at  the  time 

•  v-.**Ti».n  (*n  account  of  continuous  cloudy  weather.  The 
.-.'vt'i^  <f  cx|'«,^ures  varied  from  an  hour  to  an  hour  and  a 
r.i'f.  it-TCTi'lii*::  uf>on  the  magnitude  of  the  asteroid  and  the 
i!"  -'liTic  ciinditions.  There  being  no  micrometer  attach- 
"v'-l  t-»  t':e  i»hntographic  telescope,  the  guiding  was  done  by 
T  '  *;-.\\-ii '  li'-n  screws  to  keep  the  image  of  a  star,  chosen  as 
-^rar  ::  e  c<*nter  of  the  field  as  possible,  upon  the  cross  hairs  of 
•^<  f  *  t  -:  icce  Seed  30  dry  plates  were  used  and  Barnard's 
>m'-  '<t  was  use<l  in  developing  them. 

Th.-  tUrtK  <  115)  Thyra,  (\y))  Juciva,  and  (iiq)  Altfura, 

•  •    .J-.::!:  Ic  */.4,  10.3  and  00  respectively,  were  easily  found 
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in  this  manner.  A  careful  search  of  the  plates  taken  for  (174) 
Phadra  and  (133)  Cyrene  was  not  successful,  however.  These 
planets  were  of  magnitudes  12.4  and  12.0  and  probably  too 
faint  to  be  found  with  the  instrument  used. 

The  photographic  plates  were  then  measured  on  the  Repsold 
measuring  engine.  To  simplify  the  measuring  of  the  star  plates, 
it  was  decided  to  take  all  readings  from  the  horizontal  scale  of 
the  instrument.  The  plate  was  to  be  first  so  orientated  that 
the  readings  on  the  scale  would  give  the  x-co6rdinates  directly ; 
then  after  rotation  through  90°  in  the  proper  direction,  the 
scale  readings  would  give  3^  directly.  Rotating  again  through 
go°  would  give  x  reversed,  and  a  third  rotation  y  reversed. 
This  plan  was  adopted  for  all  plates. 

To  determine  the  scale  value  of  the  horizontal  scale  of  the 
Repsold  measuring  engine,  a  ten-minute  exposure  of  the 
Pleiades  was  taken.  In  spite  of  the  fact  that  the  plates  taken 
with  the  smaller  lens  of  the  photographic  telescope  gave,  in 
every  case,  better  definition  in  all  parts  of  the  field,  it  was 
decided  to  use  those  taken  with  the  larger  lens,  the  advantage 
of  larger  scale  being  greater  than  the  disadvantage  of  larger 
and  less  well-defined  images.  Two  complete  sets  of  readings 
for  the  seven  brighter  stars  of  the  Pleiades  were  made  from 
this  plate.  The  right  ascension  and  declination  of  those  stars 
were  taken  from  Boss's  catalogue  and  transformed  by  Jacoby's^ 
series  and  tables  into  rectangular  coordinates.  The  mean  of 
comparison  between  measured  distances  on  the  plate  and  the 
computed  coordinates  gave  the  scale  value  i"*"*  =  259".65. 

With  a  few  simplifications  suggested  by  Perrine,'  Jacoby's 
''Tables  for  the  Reduction  of  Astronomical  Photographs'*  were 
used  in  the  reduction  of  the  measured  coordinates  to  intervals 
of  right  ascension  and  declination.  Four  or  five  catalogue  stars 
situated  as  symmetrically  as  possible  about  the  asteroid  were 
chosen  as  comparison  stars.  To  avoid  corrections  to  the  cen- 
ter of  the  plate,  the  mean  of  the  known  right  ascensions  and 
declinations,  or  in  other  words  the  center  of  gravity  of  the 


'Tables  for  the  reduction  of  astronomical  photographs:  Harold  Jacob y,  "Con- 
tributions from  the  Observatory  of  Columbia  Xlniversity/'  No.  2$. 

*  Preliminary  note  on  "Some  Simplifications  in  the  Reductions  of  Stellar  Photo- 
graphs":   C.  D.  Perrine,  Lick  Observatory  Bulletin,  No.   102. 
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*.-{t'T:  «tf  ci'inparison  stars,  is  chosen  as  plate-center;  and  the 
rrvti'v^ilar  ctnirdinatcs  x  and  y  of  each  star  from  the  plate- 
ccrtf  r  a^  ^rii^in,  are  computed  by  means  of  Jacoby*s  series. 

F  r  the  three  asteroids  for  which  photographic  observations 
•  rrr  n«t  obtained  at  the  Students*  Observatory  on  account  of 
c'  <:«!>  weather  and  faintness  of  the  asteroids  themselves,  a 
<ravh  i*as  made  among  the  published  observations  in  the 
As^^-^n-^mischc  Sachrichten.  Photographic  observations  of 
f  n»5  ■  Aricmis  and  (133)  Cyrene  from  Heidelberg  were  found 
i'^i  t*u-e  have  been  used  in  the  comparison  made.     But  for 

i";^^  r>urdra  no  observation  for  this  opposition  has  been 
f- '"  !.  ani  consequently  no  comparison  for  this  planet  can  be 

T.:.lc 

Thr  \  hi  t*  '^.jraphs  taken  at  the  Students*  Observatory  gave 
t*»c  f'  "•  win^  p<i<itions  of  minor  planets: — 

Gr.  M.  T.  Apparent  Position. 

a  « 

■  i:5.7A>Tj  191 2  Dec.   4      iS^jo^.o        6»»22"».33      +39'*oi'.6 

1        "         "  I>c.   5      18  50   .0       6  21    .21      +38  59.0 

\       :-¥,'Im^Xi^  Dec.  31       17   59   4        6  45   .45      +40  46.5 

4  *         "  1913  Jan-    a      :8  18  .6       6  43  .00     -f-  40  47 .3 

5  ii'j" -f.VAu-j  Feb.  27  18  44  4  10  25  .20  +2  56.3 
*■                   **  Mar.  2      19  12   .2      10   22   .64        -I- 3    164 

H  the  ctimparison  use  has  also  been  made  of  the  following 
>-<TV'.itittns  published  in  recent  numbers  of  the  Asironomischc 


'.  U'\ru'hicn:' 

- 

M.Z.Kftt. 

a 

« 

'•■;  ■    *r*tmis 

lQI2  0ct.     7 

9»'o6»4 

,ho9».7 

+  2*^05' 

Ay.4fio7 

- 

Oct.  10 

10    18   .0 

I    07    .2 

-hi    24 

AS.  4609 

- 

Oct.  12 

II    18  .5 

I    05    .3 

+  0   57 

/f..V.4609 

■Ml    Cyre^f 

Dec.   6 

10  27   .8 

5    30   4 

4-32   Of 

/I..V-4621 

Mi      TA'.TO 

Dec.  31 

8  02   .9 

5   49     I 

+  36  20 

/I.. V.  4625 

•1;      /li*aXl 

Dec  31 

10    18   .9 

6  45    7 

+  40  46 

/f..V.4625 

■•,    .?:r^u-a 

1913  Feb.  25 

II    13   .3 

10  27  .2 

4-2  40 

/I..V.  46.^6 

<»•»<►  vi<»ual  ob*iervation  made  at  the  Students*  Observator)*  by 
*-  *^    P.    Ni(  noi^>\  is  also  available  for  comparison: — 

Gr.M.T.  a  <app  >  5  Upp.> 

i         *!t./J:y?J  191 2  Dec.  5  19*'52*"2  0^  2\^.\fi  -f-  ^S"  58' 8 


140  Publications  of  the 


By   interpolation 

from   the  computed   ephemerides   of   the 

planets,  theoretical 

positions  were  obtained  for  the  observation 

dates  as  follows : — 

Berlin  M.T. 

a 

9 

I.      (lis)  Thyra 

1912  Dec.  4.808 

6^ 

22'".2 

+  39**  02' 

2. 

Dec.  5.822 

6 

21     .1 

+  38    59 

3.      (i39)J^ewa 

Dec.  31.787 

6 

45    -3 

+  40   46 

.                     ft                   u 

4* 

1913  Jan.  2.800 

6 

42   .9 

+  40   48 

5.      (iig)  Althaa 

Feb.  27.834 

10 

25    .2 

+  2    56 

6.         "         " 

Mar.  2.854 

10 

22   .6 

+  3    15 

7.       (los)  Artemis 

1912  Oct.   7.392 

I 

10  .0 

4-2  06 

8.         "         " 

Oct.  10.442 

I 

07  .3 

4-1  25 

9.         "         " 

Oct.  12.484 

I 

05   .6 

+  0  58 

10.      (133)0*^^11^ 

Dec.   6449 

5 

29   .7 

4-32     2 

II.      (lis)  Thyra 

Dec.  31.348 

5 

48  .8 

4-36  21 

12.      {139)  Juewa 

Dec.  31.443 

6 

45   .8 

+  40   45 

13.      (119)  Althaea 

1913  Feb.  25.481 

10 

27   .2 

4-2  40 

14.      (115)  Thyra 

1912  Dec.   5.865 

6 

21    .1 

4-38    59 

A  comparison  between  the  observations  and  the  theoretical 
positions  gives  the  following  residuals: — 


Aa  (0-C) 

A«  (0-C) 

I. 

(115)  Thyra 

4-on».I 

0' 

2. 

u                   tt 

+  0    .1 

0 

3. 

{139)  Juetva 

4-0  .1 

0 

4. 

u               u 

4-0  .1 

—  I 

5. 

(119)  Althcea 

0  .0 

0 

6. 

«          « 

0  .0 

-f  I 

7. 

(105)  Artemis 

—  0  .3 

—  I 

8. 

n                  « 

—  0  .1 

—  I 

9. 

<•              « 

—  0  .3 

—  I 

10. 

(133)  Cyrene 

-ho  .7 

—  I 

II. 

(115)  Thyra 

+  0  .3 

—  I 

12. 

(139)  Juewa 

—  0    .1 

+  1 

13. 

(119)  Althaea 

0    .0 

0 

14- 

(us)  Thyra 

+0  .1 

0 

With  the  exception  of  the  a  residual  for  (133)  Cyrene,  and 
the  a  residuals  for  two  positions  of  (105)  Artemis  and  for  one 
of  (115)  Thyra,  all  of  these  being  Heidelberg  observations, 
the  residuals  are  zero  or  within  the  errors  of  computation.  No 
reason  can  be  assigned  for  the  three  a  residuals  of  o".^  each, 
except  that  the  Heidelberg  observations  are  only  approximately 


Astronomical  Society  of  the  Pacific.  141 

c^vcti ;  bat  with  reference  to  the  o".7  residual  for  (133)  Cyrene 
it  may  be  said  that  the  tables  for  that  planet  could  not  have 
been  expected  to  hold  as  accurately  as  the  others,  because  its 
r?-can  motion  is  roughly  commensurable  with  that  of  Jupiter, 
m  lAhich  case  Hansen's  method  is  more  or  less  indeterminate. 
Whether  the  residual  is  due  to  this  cause  or  to  neglected  per- 
turbations or  to  the  inclusion  in  the  final  correction  of  the  ele- 
rrent*;  of  a  position  erroneously  identified  by  the  observer,  will 
f^rm  the  subject  of  further  investigation. 

Thus  several  years  after  the  last  comparisons  were  made, 
the  theoretical  positions  based  upon  Leuschner's  tables  are 
ft  'und  to  check  almost  exactly  with  the  observations.  The  cor- 
rection to  the  1015  Jahrbuch  ephemeris  for  (139)  Juexva,  noted 
•n  \o.  4625  of  the  Astronomische  Xachrichten,  is  not  confirmed 
by  the  preceding  comparisons. 

BrxKELTV  Astronomical  Department, 
rxnxRsrrv  or  Caufornia, 
19»3.  April. 


THE  DAVIDSON  TRANSIT  AND  ZENITH  TELESCOPE 


By  Oscar  W.  Lanzendorp. 


When  the  Students'  Observatory  was  organized  more  than 
tw  enty  years  ago.  a  Davidson  transit  and  zenith  telescope  sim- 
Mar  to  the  kind  then  in  use  in  Coast  Survey  work  was  installed. 
It  is  eijuipped  with  a  3-inch  object  glass,  latitude  circle,  striding 
k\el.  and  a  micrometer  which  can  be  used  in  right  ascension 
•r  declination.  It  is  use<l  mainly  to  determine  time,  latitude, 
an^l  longitude. 

During  its  twenty  years'  service  it  has  been  constantly  used 
h\  '-tudents.  Due  to  the  more  or  less  rough  usage  it  has  thus 
rrcriveil.  and  to  general  wear,  the  instrument  no  longer  gave 
o-msistent  results.  These  anomalies  were  investigated  by 
Me^*r^.  P.  W.  Stoner  and  H.  J.  Kesnek  in  igio-ii.  and  as  a 
Tt^xih  the  instrument  was  sent  back  to  the  makers  in  igii  to 
he  remodeled.  Upon  its  reinstallation  at  the  observatory  it 
i»a*  necr«isar>'  again  to  determine  its  constants,  which  may  have 
been  changed  as  the  result  of  remodeling. 
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In  this  work  all  of  the  constants  were  determined,  but  only 
the  pivots  and  the  micrometer  are  discussed  here. 

The  inequality  and  ellipticity  of  the  pivots  were  determined 
by  the  ordinary  method  of  applying  the  spirit  level  to  the  outer 
surfaces  of  the  pivots  at  properly  chosen  zenith  distances.  The 
values  thus  obtained  were  plotted  upon  co-ordinate  paper.  The 
curves  show  that  the  inequality,  p,  tends  to  decrease  by  a  small 
amount  with  the  zenith  distance  from  0°  to  90°  and  then 
to  increase  with  increasing  zenith  distances  from  90°  to  135^. 
This  variation  is  probably  due  to  ellipticity  of  the  pivots,  but 
the  curves  obtained  for  this  ellipticity  do  not  disclose  any  par- 
ticular variation.  The  inability  to  show  any  decided  variation 
of  this  kind  can  be  said  to  be  due  to  the  method  of  observation 
with  which  the  values  were  obtained ;  the  instrument  must  be 
reversed  by  hand,  which  process  tends  to  jar  the  different  parts 
and  so  produce  large  unavoidable  errors  of  observation.  Since 
the  ellipticity  is  of  the  order  of  these  large  errors  of  observation, 
it  is  not  brought  out.  It  is  possible  that  when  the  new  auto- 
matic reversing  apparatus  i^  installed,  which  reverses  the  instru- 
ment without  jarring  it,  the  ellipticity  can  be  determined. 

An  average  value  of  the  inequality  of  the  pivots  was  there- 
fore adopted :  p  =  o».047  dz  ".ooi ;  being  the  mean  of  thirty- 
four  determinations. 

The  micrometer  screw  was  investigated  in  detail,  using  the 
circumpolar  star  method,  the  value  of  one  revolution  being 
determined  for  each  part  of  the  screw.  It  was  found  to  have 
a  decided  variation  between  R  =  59".8  and  6o".o ;  about  o".2 
per  revolution  over  a  range  of  forty  revolutions.  A  curve  was 
plotted  with  values  of  one  revolution  as  ordinates  and  num- 
ber of  revolutions  as  abscissae,  showing  the  variation  for  the 
length  of  the  screw.  The  curve  has  a  typical  symmetrical  wave- 
form, two  waves  in  length,  having  a  wave-length  of  thirteen 
revolutions  and  an  amplitude  of  about  o".i.  This  curve  was 
obtained  from  calculations  based  on  six  sets  of  determinations, 
comprising  328  observations  on  circumpolar  stars. 

Since  the  success  of  Talcott's  method  of  determining  the 
latitude  depends  upon  the  accuracy  of  one  revolution  of  the 
micrometer,  tables  were  constnicted  with  the  aid  of  mechanical 
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c^iiatirAturci  which  give  the  micrometer  interval  directly  with- 
<itit  ntcrence  to  the  plotted  curve. 

Sc\crul  (iticrminations  of  the  latitude  of  the  Students'  Ob- 
Krvat  r\  ha\e  been  made  in  the  past,  wherein  the  results  by 
ccrt^:n  j..iirs  «if  stars  do  not  agree  well  with  those  from  other 
•^tar  fairs.  This  disagreement  will  be  investigated  upon  the 
ha^iH  of  the  now  well-determined  variation  in  the  value  of  one 
rr\'  iiti-'H  of  the  micrometer,  and  it  is  expected  that  the  results 
fnm  «IitTerent  pairs  will  then  be  found  consistent. 

B*Sk'li^    A>T«OKOMICAL   DePAITMENT, 

l"M\r«MTY  or  Cauposnia, 
1*^13.  April, 
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THE  ABSOLUTE  SCALE  OF  STELLAR  MAGNITUDES. 


By  R.  H.  Tucker. 


All  attempts  to  grade  the  stars  according  to  their  brightness 
are  based  upon  the  adoption  of  an  arbitrary  scale,  the  basis  of 
which  may  be  said  to  be  the  order  of  magnitudes  first  given 
to  the  brighter  stars  by  the  earliest  naked-eye  observers.  The 
sixth  magnitude  is  ordinarily  taken  to  be  the  limit  of  naked- 
eye  visibility,  though  for  practiced  observers,  with  keen  vision, 
the  seventh  magnitude  may  be  set  as  the  limit.  The  ratio  of 
brightness  found  to  exist  in  the  early  estimates  corresponds  to 
the  number  whose  logarithm  is  0.4;  that  is,  in  passing  to  a 
brighter  grade  the  ratio  is  approximately  2.5,  and  in  passing 
lo  a  fainter  grade  the  inverse  ratio  is  0.4,  in  terms  of  the  light. 

Modem  adjustments  of  the  scale  of  magnitudes  are  usually 
based  upon  the  adoption  of  the  sixth  magnitude  from  existing 
Uranometries,  and  with  fairly  close  adherence  to  the  ninth 
magnitude  of  Argelander,  as  given  in  the  first  Durchmus- 
terung  for  the  northern  sky.  Observers  with  telescopes  have 
in  general  endeavored  to  establish  a  scale  in  conformity  with 
this  range  of  the  so-called  "historic  scale." 

It  must  be  noted  that,  for  the  brightest  stars,  visual  estimates 
made  with  a  telescope  are  not  likely  to  be  as  precise  as  those 
made  with  the  naked  eye.  In  any  case,  the  distinction  of  the 
gradations  of  brightness  towards  the  fainter  end  of  the  scale, 
visible  under  certain  conditions,  can  be  more  precisely  made. 
The  faintest  stars  visible  with  the  naked  eye  can  be  very  accu- 
rately gauged;  and,  similarly,  the  faintest  stars  visible  in  a 
telescope  should  be  classified  most  easily.  The  illumination 
of  the  field  of  view  enters  as  a  factor,  and  may  be  said  to  act 
as  a  photometric  aid.  Thus,  in  the  telescopes  of  the  usual  type 
of  meridian  circle,  stars  from  eighth  to  tenth  magnitude  can 
be  quite  precisely  graded,  while,  without  illumination,  fainter 
stars  would  be  visible,  and  would  be  easily  classified.  For  stars 
between  sixth  and  eighth  magnitude,  fairly  close  estimates  may 
be  expected ;  and,  with  considerable  practice,  the  scale  can  be 
carried  down  to  fourth  magnitude.    Beyond  that  point  the  lack 
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•f  i*rct|ncnt  observations  of  bright  stars  in  ordinary  observing 
cxj^rience,  and  the  ver>'  noticeable  variation  in  the  quality 
•-•I  the  images  of  bright  stars,  due  to  different  conditions  of 
steadiness  and  definition,  make  the  estimates  of  the  brightest 
*tars  with  a  telescope  very  uncertain. 

In  u^ing  the  36-inch  telescope,  for  the  purpose  of  establish- 
irc  <tan<lards  of  visual  magnitude  for  the  faintest  stars  visible, 
:n  tbc  early  nineties,  the  range  of  magnitude  from  the  four- 
teenth to  the  seventeenth  inclusive  could  be  quite  closely  csti- 
r'ate<l ;  while  it  would  have  required  a  great  deal  of  experience 
«ith  that  instrument  to  estimate  the  relative  grades  of  stars 
hrTi^htcr  than  these  classes.  The  same  region  had  been  prc- 
vnKisly  charted  with  the  Harvard  College  1 5-inch  and  the 
Washington  26-inch,  each  telescope  having  added  approxi- 
rratcly  one  unit  of  magnitude  at  the  fainter  limit.  The 
[ramomrtrUs,  with  naked-eye  estimates,  furnish  the  visual 
vcale  for  the  brightest  stars;  small  telescopes  carr\'  the  scale 
•^'wn  to  fainter  stars,  and  the  largest  instruments  are  necessary 
f  -r  \  i^ual  estimates  of  the  faintest  grades.  The  errors  of  abso- 
lute MTilc  may  be  conceived  as  cumulative,  in  thus  establish- 
:rj  the  vrale  of  visual  magnitudes;  but  the  limit  of  visibility 
«:th  any  size  of  telescope,  used  with  dark  field,  is  a  check 
•jT-n  the  faint  end  of  the  scale,  and  the  faintest  stars  seen  are 
\rr\-  likely  to  be  brighter  than  the  theoretical  limit  of  visibility. 

The  photometer,  in  various  forms,  is  an  instrumental  device 
f  r  extending  the  scale  of  magnitudes  in  both  directions  from 
the  ^tandanl  t>'pe.  which  is  assumed  to  be  the  historic  sixth 
-  .^-nitwle  of  the  visual  scale.  The  results  of  measures  with 
T:r   f»hn<.«neter  arc  based  upon   comparison  with   the  visual 

The  process  followed  is  either  to  equalize  two  sources  of 
••cht.  «ine  the  star  whose  brightness  is  to  be  measured,  the 
•her  vwirce  being  an  artificial  star,  or  a  standard  star,  whose 
Seam*  are  reflected  into  the  same  field  of  view ;  or  to  determine 
the  point  at  which  the  light  of  the  real  star  is  cxtinin'i'^hed. 
and  measure  the  extinction  employed. 

For  varying  the  amount  of  light  from  either  source,  wedges 
*f  partially  opaque   glass  can   l>e   used,   ^imetimcs   darkened 
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by  the  photographic  process ;   or  methods  of  reflecting  a  part, 
or  all,  of  the  Hght  may  be  used. 

While  it  is  often  contended  that  photometric  work  consists 
of  measures  in  place  of  simple  estimates,  and  that  therefore 
the  results  should  be  more  reliable,  it  should  not  be  forgotten 
that  the  result  of  every  measure  depends,  originally  or  finally, 
upon  the  human  judgment  in  some  form.  In  photometric  work, 
the  estimation  of  exact  equality  of  two  sources  of  light,  or  of 
entire  extinction,  may  be  more  precise  than  any  estimation  of 
relative  difference  of  light,  but  the  element  of  personal  judg- 
ment cannot  be  entirely  eliminated.  Photographic  determina- 
tions of  the  brightness  of  the  stars  contain  the  personal  element 
also,  when  the  comparison  of  star  images  is  made.  Both  these 
instrumental  methods  depend  to  some  extent  upon  comparison 
with  adopted  visual  estimates,  of  a  part  of  the  scale  at  least, 
for  establishing  the  basic  type,  and  for  checking  the  theoretical 
variation  of  their  measures  with  variation  of  type.  It  is  pos- 
sibly open  to  question  whether  the  results  of  either  form  for 
the  brightest  stars  are  improvements  upon  the  best  visual 
naked-eye  Uraiwmetry  magnitudes,  such  as  those  of  Gould 
in  the  southern  hemisphere. 

The  extension  of  the  scale  to  the  fainter  stars  is,  however, 
more  in  line  with  the  purpose  of  this  note. 

In  the  endeavor  to  give  an  expression  which  will  represent 
the  actual  distribution  of  the  stars  according  to  brightness,  two 
assumptions  are  generally  made  at  the  start,  neither  of  which 
is  believed  to  be  more  than  partially  valid,  for  more  than  a 
limited  part  of  the  scale  at  most.  These  assumptions  are: 
uniform  distribution  in  space  and  equal  intrinsic  brightness. 
The  first  assumption  is  at  once  contradicted  by  the  known 
clusters,  the  groups  of  stars,  and  the  vast  stream  of  the  Milky 
Way.  Still,  by  taking  large  areas  of  sky,  the  law  of  distribu- 
tion can  be  tested,  as  far  as  it  concerns  the  various  types  of 
brightness.  The  second  assumption  is  contradicted  by  the  fact 
that  we  know  that  there  must  be  a  large  range  of  size  among 
the  stars  from  the  study  of  their  masses,  and  we  also  recognize 
from  the  sequence  of  the  various  spectral  types  that  there  is  a 
process  of  evolution,  by  which  the  stars  develop,  and  all  degrees 
of  brilliancy  may  be  represented,  from  the  newest  stars  to  those 
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fvArtially  burned  out,  or,  in  the  case  of  the  **dark  stars,"  the 
I-^ht  may  have  been  totally  extinguished. 

The  two  aN5uni})tions  would  make  the  brightness  the  direct 
aI^il  imly  criterion  of  distance,  while  there  are  many  cases  in 
«h:ch  faint  stars  are  known  to  be  nearer  to  us  than  some  of 
ihc  brii»htcr  stars.  The  expression  based  upon  these  two  as- 
^u:::[i«n>n>  can  be  used  as  a  test  of  the  distribution,  and  its 
\ar1ati4m  from  counts  of  stars  should  show  how  far  such 
i--u'nptions  may  fall  short  of  explaining  actual  conditions. 

The  expression  for  the  summation  of  the  number  of  stars 
:••  any  order  of  brightness  is  usually  put  in  the  form — 

5  w  =  o  6" 

In  ihiN  expression  m  is  the  limiting  magnitude,  a  is  the  number 
•  •1  '^tars  for  unit  radius,  and  b  depends  upon  the  assumptions 
hrst  made.  If  rigorously  true,  b  would  equal  ^^^,  when  h  is  the 
rat:t»  of  brightness  for  a  difference  of  one  magnitude;  the 
vIumcN  being  proportional  to  the  cubes  of  the  radii  of  the 
cncli  •'^ing  spheres,  and  the  brightness  of  the  stars  being  inverse- 
I\  profwrtional  to  the  squares  of  their  distances. 

The  theoretical  value  of  b  would  thus  be  the  nunil>er  wlio-^e 
I-  canthm  i^  0.6,  or  3.98.  It  would  then  correspond  to  the 
ratiti  of  volume  for  a  decrease  of  one  magnitude  in  the  scale. 

The  law  which  is  expressed  by  the  above  fomnila  for  the 
•'U"^ -Tiat i«>n  is  known  as  that  of  the  absolute  scale  of  magnitude. 
\  i^ual  c'^timates  have  emleavored  to  conform  to  thi<  law,  in 
c^iahSshing  the  visual  scale;  photometric  measures  are  based 
ir.Min  the  same  law;  and  photographic  measures  of  star  images 
arc  made  to  conform  to  the  law,  by  comparison  with  the  estab- 
li-'hcd  scale.  As  counts  and  estimates  of  the  actual  numbers  of 
tamt  <ars  bect)me  available,  the  value  of  b  can  be  dciennined 
at  vari<  HIS  pt^ints  in  the  scale,  treating  it  as  a  variable  (|uantity, 
iM  ct.nform  to  the  deviation  of  fact  (real  distribution)  from 
thti'r>-  (uniform  distribution  and  e<|ual  brightness  >.  by  the 
'  nv^inal  assumptions. 

Thi*  is  a  convenient  process  also  for  the  tests,  since  b  can  be 
'-ftcnninetl  at  any  point  of  the  scale,  by  the  comparison  of  the 
v'lTimations  of  two  grades,  leaving  the  quantity  a  invariable. 

The  values  of  b  have  been  found  to  dimini^^h,  for  the  faintest 
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grades  of  brightness.  This  would  be  anticipated,  unless  the 
total  number  of  stars  in  the  universe  were  assumed  to  be 
infinite,  and  also  from  the  fact  that  the  whole  amount  of  light 
received  from  the  stars  does  not  increase  indefinitely.  The  suc- 
cessive values  of  b  for  small  differences  of  magnitude  may  be 
expected  to  vary  slowly,  and  the  summation  may  then  be  used 
to  test  the  scale  itself,  over  a  limited  range  at  least. 

Some  applications  of  the  theoretical  law  to  actual  counts  wnll 
be  made  here. 

The  northern  Durchmustcrung  of  Argelander  contains  a 
practically  complete  list  of  the  stars  to  ninth  magnitude  for 
one  half  of  the  sky,  and  the  southern  Durchmusterung  provides, 
in  its  several  parts,  a  similar  list  for  the  other  half.  A  syste- 
matic count  of  the  northern  Durchmustcrung  was  made  by 
LiTTROw,  and  published  in  the  1869  Sitsungsberichte  of  the 
Vienna  Academy  of  Sciences,  and  it  is  printed  in  Gould's 
Urcmomctry,  in  his  discussion  of  the  distribution  of  the  stars. 
The  numerical  expression  for  the  summation  of  the  faint  stars, 
to  9.0,  in  the  northern  sky,  has  the  following  form : 
2  m  =  0.5208  ( 3.8685 )"». 

It  is  the  portion  of  the  scale  from  7.0  to  10  which  has  the  most 
interest  just  here ;  with  later  its  extension  downwards  beyond 
the  limits  of  the  visual  Durchmusterung.  For  this  reason,  it 
has  appeared  worth  while  to  give  the  count  of  Argelander 
in  detail  for  this  portion,  especially  since  a  similar  count  is 
already  on  record,  for  a  part  of  the  southern  sky,  in  the  note 
printed  in  the  Astrophysical  Journal  for  May,  1898.  The  fol- 
lowing table  is  taken  from  Littrow's  count,  and  the  summa- 
tion has  been  made  for  the  separate  tenths  of  each  magnitude : — 
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TABLE  I— ARGEI^NDER'S  NORTHERN  DURCHMUSTERUSG, 


Mac 

No. 

2 

Per  1000 

z 

b 

Br. 

5.876 

>9 

3.866 

70 

2,141 

8.017 

7 

26 

3.965 

n 

345 

8.362 

I 

27 

3.911 

72 

984 

9.346 

3 

30 

3.898 

73 

1.356 

10,702 

4 

34 

3907 

74 

516 

11,218 

2 

36 

3851 

75 

2,860 

14.078 

9 

45 

3899 

7t» 

609 

14.687 

2 

47 

3.851 

/  / 

1.537 

16.224 

5 

52 

3.834 

7« 

2,484 

18,708 

8 

60 

3837 

70 

991 

19.699 

3 

63 

3.79€ 

ho 

5.622 

25.321 

18 

81 

3.853 

h  I 

1.778 

27.099 

6 

87 

3822 

$2 

3.650 

30.749 

II 

98 

3818 

>^^ 

4.609 

35.358 

15 

"3 

3822 

^4 

3. 10 1 

38^59 

10 

123 

3.798 

^5 

9.788 

48.247 

31 

154 

3840 

Kf 

4.189 

52.436 

13 

167 

3.817 

J^7 

6.799 

59v235 

22 

189 

3.812 

SS 

10.963 

70.198 

35 

224 

3>'27 

>«0 

7.596 

77.794 

24 

248 

3813 

oo 

23077 

101,071 

74 

322 

3.869 

0  I 

15.615 

116.686 

49 

371 

3.872 

Q2 

JO.734 

137420 

66 

437 

3.884 

0.^ 

31.278 

i68/)q8 

99 

536 

3913 

04 

34.95 « 

203,649 

III 

647 

3935 

05 

1IIJJ76 

314.925 

353 

1.000 

r406il 

3 

1,000 

mean 

3858 

In  the  al>ovc  tabic  the  stars  brip^hter  than  7.0  have  been 
;  'aced  in  the  fir^^t  |n*<^tip.  The  irre^ilar  variation  of  the  num- 
ber^. f*»r  Micce^^ive  tenths  of  the  scale,  is  noticeable.  This  is 
due  to  the  fact  that  Arcklander  estimated  to  half  map:nitudes 
r-n!y.  hence  the  7.5  and  8.5.  and  the  even  units  will  naturally 
prrTN>n*I<rate.  Also  it  is  evident  that  the  mean  of  7  and  7,^2 
was  rated  a^  7.3.  in  the  published  scale  by  tenths:  the  mean 
^f  7'.-  and  8  was  rated  as  7.8.  in  tenths;  and  the  same  con- 
vent j«»n  i\a«  adf»pted  throughout.  The  other  tenths  of  the  scale 
are  derived  from  three  or  more  observations. 

The  average  number,  per  thousand  stars  of  the  faintest  grade 
bchiMve.  is  given,  in  the  table,  for  convenience  of  expressing 
:*•<  di*'tri>puti('n  in  a  form  which  is  evident  at  a  glance.    Taking 
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the  adopted  value  of  a,  0.5208,  for  the  summation  to  9.0  in  the 
northern  sky,  the  values  of  b  have  been  computed  for  each 
tenth.  The  value  for  9.5  shows  at  once  the  elastic  nature  of 
that  grade ;  it  was  intended  in  the  original  estimates  to  include 
gyi  and  fainter  stars,  and  the  computation  of  the  individual 
values  of  b  shows  that  the  mean,  3.86,  corresponds  to  the  sum- 
mation to  a  grade  between  9.8  and  9.9  on  the  same  scale  of 
magnitudes.  To  give  the  number  equivalent  to  the  summa- 
tion to  that  point,  stars  as  faint  as  10  were  probably  observed. 
All  of  the  grades,  by  tenths,  fainter  than  9,  are  somewhat  in 
excess,  also,  and  it  is  evident  that  the  observed  scale  changed 
slightly  at  that  point,  and  that  stars  of  the  fainter  classes  were 
generally  estimated  too  bright. 

The  number  of  stars  included  in  the  grade  9.0  is  in  excess, 
apparently,  by  about  8,000,  as  compared  with  the  grades  each 
side;  and  the  numbers  at  the  other  even  units  are  in  similar 
proportional  excess.  Argelander  expressed  the  opinion  that 
the  stars  of  ninth  grade  were  probably  too  numerous,  in  his 
classification;  but  the  test  supplied  by  the  table  indicates  a 
fairly  consistent  scale  to  ninth  magnitude. 

The  results  of  a  count  of  magnitudes,  by  tenths,  in  the  first 
ten  degrees  of  the  Cordoba  Durclutmstcrung,  are  given  in  the 
following  table,  as  they  were  originally  published  in  the  Astro- 
physical  Journal.  Some  37,000  stars  were  included  in  that 
count.  The  tabulation  of  stars  per  thousand  is  made  in  the 
same  form  as  that  used  above  for  the  northern  region.  The 
lowest  grade,  10,  at  Cordoba  was  an  elastic  one.  and  included 
many  stars  that  were  consciously  estimated  to  be  much  fainter 
than  tenth  magnitude.  This  was  necessary,  to  some  extent, 
in  order  to  be  sure  of  including  all  stars  of  tenth  magnitude. 
The  numbers  at  the  half  magnitudes  and  even  units  of  the 
scale  are  generally  somewhat  in  excess.  The  progression  in 
the  other  tenths  is  nearly  uniform,  since  the  original  estimates 
by  quarters  include  more  than  two  observations  for  a  large 
proportion  of  the  stars.  The  average  per  thousand  refers,  of 
course,  to  the  total  summation. 
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T  \BLE   II — FIRST    TEN    DEGREES   OF   c6rD0BA    D.  M. 


v*« 

Per  I    "^0 

z 

fr 

1         Mt. 

Per  1000 

S 

b 

hr 

6 

388 

1        «5 

10 

57 

395 

r  ^ 

8 

396 

8.6 

8 

65 

395 

r  I 

9 

3^93 

\        8.7 

II 

76 

3.96 

7  2 

lO 

395 

8.8 

10 

86 

395 

7  y 

11 

395 

8.9 

II 

97 

3.95 

7  4 

12 

39» 

9.0 

24 

121 

3.98 

7  5 

15 

395 

9.1 

23 

144 

4.00 

~  ' 

16 

3-93 

9.2 

26 

170 

4.01 

*  "• 

19 

394 

1        ^^ 

27 

197 

4.01 

r« 

21 

393 

\        9-4 

^^ 

230 

4.« 

r  J 

^3 

390 

'        95 

54 

284 

405 

Set 

28 

3-93 

9.6 

63 

347 

4.07 

>  I 

3^ 

393 

97 

87 

434 

4.11 

^  .♦ 

^7 

393 

9.8 

100 

SM 

4.14 

y  \ 

r> 

43 

3-94 

99 

86 

620 

414 

^4  4  47  392  lO.O        380        1. 000  [428] 

r*K  vri!iK'<  of  &  in  the  table  are  fairly  uniform  and  constant 
:>..-"  <^\cnth  10  ninth  magnitude,  at  which  point  they  begin  to 
:rrrta-c  f>erccptibly.  This  indicates  that  the  scale  of  the  esti- 
-:i:t-  U'^ns  to  change  at  ninth  magnitude,  the  faint  stars 
W:r\i  c^tn^ated  too  bright.  ARtiELANDER's  scale  indicates  a 
*-:'•  •\Kr  chanire,  beginning  at  0^4-  In  either  case  the  increase 
c  ■:!'!  U*  explained  by  an  increase  in  the  actual  numbers  of 
ti  '•!  ^:ars;  but  such  an  assumption  is  far  less  probably  true 
t**  ti  c^-iMLio-i  in  the  personal  estimates.  The  10  of  Cordoba, 
\i'\  Icr-t  -  d  to  be  an  elastic  grade,  includes  the  equivalent  of 
!*  f  !■  t  M  n;rr.lK*r  of  stars  to  10.5  of  its  own  scale,  if  we  adopt 
t*  c  \a!iu-  t»t  r  at  <>.o  of  that  scale.  If,  however,  we  allow  for 
I'r  :'\-ro;;-e  in  b  from  9  to  (>.Q,  then  the  10  of  the  catalogue 
"^  ':*.!f^  a  nurnl)er  e(|uivalcnt  to  the  summation  to  10.2  of  this 
^C*'-')   \ar>ing  scale. 

rnl-s-.  there  are  actually  numbers  of  faint  stars  !)etwecn 
nmth  aid  tenth  magnitude  in  excess  of  the  proportion  of 
>iri;!.trr  ^tar^.  each  of  the  two  scales,  from  ninth  magnitude  to 
the  tamter  limit,  can  be  corrected  on  the  basis  of  the  summa- 
t*  "n  at  ninth  magnitude  by  the  summation  at  the  individual 
t'-rth^,  and  thi<  has  been  done  below.  The  correction  to  Arc.el- 
\M»Fji'>  vale  does  not  become  important  until  0.3  is  reached. 
TIk:  faintest  grade,  0.5,  would  be  below  g.8  on  its  ovi'n  scale. 
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The  correction  to  the  Cordoba  scale  becomes  sensible  at  9.5. 
amounts  to  two  tenths  at  9.8,  and  the  correction  to  the  ten  of 
the  scale  is  probably  the  same  amount.  The  10  of  the  catalogue, 
however,  is  equivalent  to  the  inclusion  of  stars  to  10.4.  The 
Cordoba  estimates  by  the  comparison  of  numbers,  are  two 
tenths  brighter  than  Argelander,  at  ninth  magnitude;  and 
this  difference  has  been  applied  to  derive  the  equivalent  of  the 
corrected  Argelander  scale,  in  the  last  column,  for  the  Cor- 
doba estimates.  The  comparison  of  the  total  numbers  of  stars 
in  the  two  catalogues  indicates  an  extension  of  the  Cordoba 
scale  to  0.9  magnitude  beyond  the  limit  of  Argelander;  and 
the  faint  10  of  Cordoba  thus  corresponds  to  the  true  10.7  of 
Argelander.  The  9.5  and  9.6  of  Cordoba  are  probably  bright- 
er, on  the  average,  than  the  9.5  of  Argelander,  which  is  nearly 
the  same  as  the  9.7  of  Cordoba. 

table  III— corrected  magnitude  scale  of  faint  stars. 


Argelander  Nor.  D.  M. 
Mag.                       Corrected. 

C6rdoba  —32° 
Corrected. 

Reduced  to 
Argelander. 

9.1                            9.10 

9.12 

93 

9.2                           9.22 

923 

94 

9.3                           9.37 

9.33 

95 

9.4                           0.51 

9-43 

9.6 

9.5                          [9.82] 

9.58 

^-8 

9.6 

971 

99 

97 

9.86 

10. 1 

9.8 

10.00 

10.2 

0.0 

10.10 

10.3 

lO.O 

[I0.431 

[10.6] 

In  the  discussion  of  the  photometric  scale  of  magnitudes,  in  a 
recent  volume  of  the  publications  of  the  Harvard  College 
Observatory,  Harvard  Annals,  72,  page  84,  there  is  a  ref- 
erence to  the  summation  of  the  Cordoba  Durchmusterimg  for 
the  zone  — 49°.  On  the  basis  of  the  number  of  stars  in  this 
zone  of  one  degree,  the  total  number  of  stars  in  the  sky  down 
to  the  same  limit  of  brightness  is  found  to  be  2.533.000.  This 
is  an  average  of  sixty-one  stars  to  a  square  degree :  while  the 
first  two  Cordoba  volumes,  for  the  region  — 22°  to  — 42°, 
give  an  average  of  fifty-five  stars,  which  would  be  equivalent 
to  2,269,000  .stars  for  the  area  of  the  whole  sky.  The  increase 
in  number  in  this  case  does  not  necessarily  imply  a  definite 
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txtcn-ion  of  the  magnitude  scale,  which  was  intended  to  be 
c  -nfyktc  to  the  tenth  mafn^itiide  only,  but  probably  a  slightly 
;r«crea'ie<l  proportion  of  faint  stars,  below  the  limit  of 
c-  TT'.pIctenes^. 

This  enumeration  was  compared  with  the  numbers  for  the 
r-H'^tiimetnc  scale,  published  in  Hanard  Annals,  48,  Table 
XXI,  jKijje  178,  and  the  conclusion  was  drawn  that  the  Cor- 
'!  la  scale  includes  an  equivalent  of  the  photometric  scale  to 
the  twelfth  magnitude.  There  is  evidently  a  large  diflfcrence 
*itt^rcn  the  res|)ective  scales,  for  the  faint  stars. 

The  photometric  scale  given  in  Table  XXI,  \'olume  48.  was 
lii-cil  u|>on  counts  and  estimates  of  stars,  of  various  degrees 

f  bri£rhtne«;s.  down  to  the  magnitude  13.5.  The  counts  were 
J '  tte<i.  and  a  cur\'e  drawn,  from  which  the  figures  corre- 
-;»'nding  to  di*itribution  were  taken.  Reference  to  the  original 
\i  Itime  should  be  made  for  the  details  of  the  procos.  The 
-T-cthiM  is  based  upon  the  law  of  absolute  magnitudes:  and  in 
the  cxpre^^iion  2  wi  =  a  6",  the  a  is  determined  from  a  com- 
;.aris4'»n  of  the  counts  with  the  respective  volumes,  and  is  then 
uM -vted  a-s  a  constant  3.7.  The  b  is  taken  as  variable,  its  value 
hr:nij  derived  from  the  smoothed  curve,  and  ranging  from  3.34 
a:  magnitude  o,  to  2.95  at  13.0.  when  computed  from  the  re- 
^' active  summations  at  these  points  of  the  scale.     The  values 

t  ^  are  tabulated  below : — 

TABLE   IV— PHOTOMETRIC   SCALE. 
{Hmrvmd  Amnats.  48.  Table  XXL) 


M*f. 

Stan. 

b 

70 

14.9^ 

^27 

ao 

45.710 

326 

9^0 

I34^V» 

321 

100 

373*300 

3.16 

II.O 

Q57.JOO 

3" 

120 

2.230.000 

303 

13^ 

4,7^.000 

205 

The  valuer;  of  b  in  the  sequences  in  this  table  are  naturally 
t— . -theil  out  by  the  proce^^s  u*;ed  in  forming  the  numbers. 
T*>c  numlKrrs  of  «5tars  have  been  computed  for  the  whole  sky, 
^<Ttce,  in  making  comparisons  with  those  of  Argelaxder,  the 
^jMrr^  of  the  latter  must  be  doubled.     The  number  of  ninth 


154  Publications  of  the 

magnitude  stars  in  the  sky  by  Argelander's  scale  would  be 
202,000,  and,  by  the  Cordoba  scale,  275,000;  hence  the  photo- 
metric summation  at  ninth  magnitude  has  only  two  thirds  of 
Argelander's  enumeration,  and  one  half  that  of  Cordoba 
(first  ten  degrees). 

There  is  some  uncertainty  in  the  direct  comparison  of  the 
numbers,  since  the  photometric  scale  is  summed  up  to  half 
magnitudes,  and  the  visual  scales  to  tenths.  According  to  a 
note  from  Professor  Pickering,  of  date  March  10,  1913,  the 
tabulation  to  ninth  magnitude  includes  the  stars  up  to  that 
grade,  exactly ;  hence,  to  make  this  enumeration  correspond  to 
the  visual  scale,  a  number  equivalent  to  the  half  of  the  number 
of  stars  per  tenth  magnitude  of  the  latter  should  be  added  to 
the  photometric  enumeration.  This  would  be  about  8,000  at 
ninth  magnitude,  a  small  percentage. 

Since  the  relative  brightness  of  the  various  scales  at  ninth 
magnitude  is  a  most  important  basis  of  comparison,  the  num- 
bers from  the  two  remaining  parts  of  the  Durchnuisteruns; 
should  be  considered  here.  The  Ca/>r  Photographic  Durchmus- 
tcrunfr  contains  about  455,000  real  stars  in  the  area  from  —  19° 
to  the  south  pole,  which  is  about  67  per  cent  of  the  southern 
hemisphere.  Of  these  stars,  81,481  are  given  as  magnitude  9.0 
or  brighter,  about  18  per  cent.  This  enumeration  is  equivalent 
to  243.000  ninth  magnitude  in  the  whole  sky,  or  about  1,350,000 
stars  down  to  the  lowest  grades  included  in  the  photographic 
catalogue. 

There  is  a  rather  sharp  division  in  the  catalogue  at  — 34*^, 
which  I  discussed,  to  some  extent,  in  the  note  in  the  Astro- 
physical  Journal.  The  percentage  of  ninth  magnitude  stars 
drops  from  2^  per  cent  north  of  — 34°  to  16  per  cent  south 
of  that  point.  The  lower  limit  of  the  catalogue  was  extended 
a  full  quarter  of  a  unit  of  magnitude,  but  the  estimated  ninth 
magnitude  type  has  apparently  remained  the  same.  The  lim- 
iting faint  type  of  star  has  been  raised,  in  total  number  for  the 
sky,  from  one  million  to  one  and  a  half  million,  by  this  change 
in  extension. 

In  Sch6xfeld*s  southern  Durchmustcrung  of  133,000  stars, 
in  the  area  — 2°  to  — 22^^  inclusive,  34,119  stars  are  of  9.0 
and  brighter,  according  to  count  by  Seeliger,^  or  25.7  per  cent. 

^  Cape  Annals,  IX,  page  185  B. 
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The  equivalent  of  his  full  catalogue  would  be  747,000  stars  for 
ibc  whole  sky,  or  192,000  stars  to  9.0  inclusive.  This  last  num- 
ber i>  slightly  smaller  than  Argelander*s  summation,  and 
much  below  the  Cape  Photographic  and  Cordoba  first  ten 
dcijrees,  Schonfeuj's  summation  at  10  and  9.0  would  give 
the  value  of  b  3.89S,  which  indicates  that  his  scale  is  probably 
ct»nsi%.tcnt  throughout,  to  the  lowest  grade. 

\\  iih  the  value  b  =  3.9,  the  photographic  limits  would  be 
1008  and  10.34,  above  and  below  —  34"^  declination,  on  its  own 
soaJc.  Its  catalogued  stars  vary  from  9.6  to  11.4  at  the  lower 
hmiis,  for  various  parts  of  the  sk>'.  The  feature  of  the  photo- 
crai>hic  catalogue  which  appears  most  difficult  to  understand  is 
the  small  numbers  and  wide  range  of  the  faintest  stars  record- 
eil.  It  would  be  expected  that  the  photograph  would  give  a 
vcr>*  definite  limit  of  brightness,  at  which  the  faintest  grade 
mi«ijid  be  ver>'  nearly  complete. 

It  remains  to  translate  the  four  scales  into  the  photometric 
*<alc,  according  to  the  respective  enumerations.  The  basis  is 
table  XXI,  Hari'ard  Annals,  48,  page  178,  already  referred  to 
aU.n-c. 

A»t;ia.\XDER  and  Cordoba  are  given  in  detail,  for  the  fainter 
ifrafici,  for  which  counts  and  close  estimates  of  numbers  exist. 
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From  the  above  photometric  basis  of  enumeration,  Cordoba 
estimates  would  appear  to  be  one  tenth  brighter  than  Argel- 
ANDER  at  seventh  magnitude ;  two  tenths  at  eight ;  three  tenths 
at  ninth;  and  three  quarters  of  a  magnitude  brighter  at  the 
faint  limit  of  Argelander,  which  is  9.8  of  its  own  scale. 

ScHONFELD  and  Argelander  are  in  close  agreement  at  nine 
and  ten  of  both  scales. 

The  Cape  Photographic  estimates  are  one  tenth  fainter  than 
Cordoba  at  ninth  magnitude,  and  its  faintest  grades  correspond 
nearly  to  Cordoba  9^  and  16,  above  and  below  — 34°  dec- 
lination, respectively,  or  about  three  tenths  fainter  than  the 
Cordoba  scale. 

Argelander's  scale  gives  estimates  one  tenth  brighter  than 
the  photometric  at  eighth  magnitude;  four  tenths  brighter  at 
ninth ;  increasing  to  seven  tenths  brighter,  for  the  faintest  stars 
of  the  northern  Durchmusterung, 

As  a  further  test  of  the  difference  between  the  photometric 
and  visual  scales,  the  following  comparison  has  been  tabulated 
from  the  separate  results  recently  published  in  Harvard  An- 
nals, 72,  which  includes  estimates  made  by  Professor  Bailey 
at  the  time  of  the  photometric  measures.  These  last  estimates 
are  individually,  and  collectively,  very  uniformly  consistent  with 
the  Cordoba  magnitudes,  with  a  slowly  progressive  increase  of 
difference.  The  average  residual  appears  to  be  smaller  than 
would  be  encountered  among  the  separate  independent  esti- 
mates of  the  observation  made  for  the  Durchmusterung.  The 
comparison  extends  through  the  whole  circuit  of  right  ascen- 
sion, for  parts  of  the  zone  —  29®  50'  to  —  30°  o'.  Only 
1,133  o^  ^^^  Durchmusterung  stars  were  measured,  while  the 
10'  belt  contains  about  3,000  stars,  and  some  of  the  brighter 
stars  lie  outside  the  belt. 

The  differences  of  the  table  are  given  for  quarter  magnitudes, 
three  individual  tenths  being  combined,  and  the  unit  magnitudes 
being  given  separately. 

As  before  noted,  the  range  of  the  photometric  scale  is  nearly 
double  that  of  the  visual,  between  these  limits,  3.8  units  against 
Cordoba  two  units :  or  50  per  cent  larger,  if  the  Cordoba  ten 
he  assumed  to  extend  to  10.4  of  its  own  scale. 
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TAsIt     \I — IilRKCT  COMPARISON   OF   PHOTOMETRIC  AND  c6rD()BA 
VISUAL  SCALES. 

!•    M    Mm          No.         Phot.  Maf.           A                 Bailey.  A 

lir              43               •••              -f0.l8               ...  +0.19 

^o  ji  8.20  -fo-zd         8.34  -1-0.34 

M  9  8-45  8.41  

**-«  "  8.55  -f-0.37  8.65  +0.37 

^3  ^3  8.72  8.64  

X4  "  8,64  8.82  

S5  -23  8.8j  -ho.39  8.89  -f043 

^ ' '  ig  g.22  9.07  

^7  30  g-j;  910  

**?<  JO  9.3()  -fo.57  9.15  -ho.37 

>*  g  20  9.49  9.25  

u<^  t>4  9.74  -1-0.74  946  +046 

v»  54  997  9.54  

«<.-'  4J  10.27  +1.02  9.69  -ho.46 

g3  58  1043  9  74  

04  58  10.58  9.85  

vS  55  11-00  -(- MI  998  -1-0.49 

gf'  86  11.14  10.IS  

v7  98  11.49  10.31  

**i<  55  1 1. 61  4-1.82  10.47  -fo.63 

gg  46  n.76  10.52  

100  276  12.08  -f  2.08  10.76  -1-0.76 

The  csiimates  of  Bailey  are  close  to  the  photometric  scale 
at  the  brij^ht  end,  but  are  1.3  magnitude  brighter  at  the  faint 
end. 

The  direct  comparison  shows  that  the  photometric  measures 
are  much  fainter  than  the  visual  estimates  and  the  photographic 
nra^ure^.  for  all  the  fainter  grades  of  stars.  The  comparison 
'  f  the  respective  summations  of  stars  included  gives  the  same 
indication.  In  the  summations,  the  values  of  b  in  the  photo- 
Trtric  scale  are  smaller  than  generally  accepted  for  the  so- 
called  abiuilute  scale  of  magnitudes.  On  the  other  hand  the 
vkluc  <»f  a  is  large;  that  adopted  in  the  formula  for  the  north- 
cm  Durchmustcrung  being  only  slightly  in  excess  of  unity 
I  I  041  for  the  whole  sk\%  or  less  than  one  third  of  the  value 
'irnvc<i  for  the  photometric.  Xo  account  has  been  made  here 
•  •f  the  jw»*.'»ible  loss  of  light  by  an  absorbing  medium  in  .«;pace. 
In  eem*r.il.  the  <lecrease  in  h  indicates  an  approach  to  the  limit, 
r.-!  .mly  of  the  stars  vif^iblc,  but  of  actually  existing  stars. 

\\i\   n.  ig:3 
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A  PLEA  FOR  MORE  AMATEUR  VARIABLE-STAR 
OBSERVERS. 


By  Edward  Gray. 


Of  all  the  scores,  perhaps  literally  hundreds,  of  telescopes 
in  this  country  in  the  hands  of  amateurs,  how  many  are  pro- 
ducing results  tangible  and  accessible  to  science?  Is  not  a 
great  waste  of  optical  equipment  going  on?  Is  it  not  true 
that  after  a  period  of  recreation  among  the  double  stars, 
the  planets,  and  the  Moon  the  telescope  too  often  gets  set 
aside  for  want  of  an  aim  by  which  it  can  be  profitably  used  ? 

At  this  stage  why  are  the  variable  stars  so  sadly  neg- 
lected? Excepting  the  observation  and  discovery  of  comets 
:s  there  any  other  line  more  directly  open  to  amateurs  in 
which  the  observer  may  do  original  work  that  shall  count 
and  in  which  his  results  may  be  made  useful  to  the  present 
and  to  future  generations? 

The  object  of  this  paper  is  to  set  forth  how  inviting 
and  remunerative  a  field  to  amateurs  the  observation  of  long- 
period  variables  is.  In  the  first  place,  one's  equipment  need 
not  be  very  elaborate  nor  highly  expensive.  For  a  small 
minority  of  observations  a  good  field-glass  will  suffice,  but 
for  the  large  majority  a  telescope  of  some  aperture  between 
two  and  six  inches,  or  a  reflector  of  four  to  eight  inches  in 
diameter,  is  desirable.  As  a  matter  of  fact,  two  members 
of  the  Variable  Star  Association  of  our  country  use  very 
small  refractors — namely,  one  of  two  and  a  half  and  one  of 
two  inches, — and  each  does  good  work  therewith.  Xor  is 
an  equatorial  mounting  at  all  essential ;  probably  the  ma- 
jority of  us  use  a  tripod  mount.  This  means,  of  course, 
much  more  work  at  first  in  getting  acquainted  with  the 
fields,  but  rapid  work  thereafter.  I  have,  for  example,  a 
recent  letter  from  a  highly  valued  correspondent  who  uses 
a  three-inch  refractor  on  a  tripod  mount,  giving  a  list  of 
twenty-six  estimates  made  that  evening,  the  telescope  being 
back  in  the  house  by  8 :50.  This  is  adduced  merely  to  show 
what  familiarity  will  accomplish. 
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The  stars  to  be  observed  are  variable  in  very  different 
perKHls,  from  two  months  to  well  nigh  two  years.  Some 
are  therefore  increasing,  some  decreasing,  in  brightness: 
a  lew  are  at  maximum,  others  at  minimum,  and  still  others 
reeling  before  either  rising  or  falling.  All  this  insures 
\  anety  ;  there  is  nothing  humdrum  about  observing  variable 
star<.  Surprises  are  frequent  and  one's  interest  is  kept  (m 
\\\<  qui  i-izr;  for  while  some  stars  are  perfectly  regular  and 
n  .  .ve  like  clockwork,  others  are  irregular  enough  in  their  fluc- 
tiiatii-ns  to  furnish  all  the  mystery  necessary.  Some  are  white. 
*-  me  yellow,  some  orange,  some  red,  and  a  star  red  at  or  close 
t«»  nunimum  may  become  orange  near  maximum.  It  does  not 
fiwl'^w  that  because  SS  Cygui  performed  its  cycle  in  nine  weeks, 
three  or  four  months  ago.  that  it  will  do  the  same  at  the  next 
j^ri*xL  In  fact  on  the  15th  of  March  I  found  it  at  maximum 
•  •r.!y  forty  days  after  the  previous  one — an  observation  unique 
in  my  acquaintance  with  this  star. 

Scldi^m  <k:)es  one  devote  himself  for  six  or  more  months  to 
t'm-  line  of  research  without  describing  it  as  fascinating.  And 
if  the  mere  observing  is  charming  and  fascinating,  what  shall 
me  say  of  the  intellectual  profit  and  expanse  of  the  mind  to  be 
a:taine<l  thereby?  For,  be  it  known  that  there  are  problems 
c  .nnecte<i  with  these  stars  which  may  exercise  e\'en  the  best 
i'^tcllccts.  Why  do  some  variables,  like  R  Hydrcr,  shorten  their 
j^rii-ls  and  others,  like  xCygni.  lengthen  theirs?  Why  doe> 
\!:ra  Ci'ti  sometimes  hardly  exceed  the  fifth  magnitude  at  max- 
:":;:m  ami  at  others  reach  almost  the  second?  Why.  again. 
t]  K-^  this  same  star  descend  only  to  the  eighth  magnitude  at 
«-  --T1C  minima,  but  at  others  to  the  ninth,  or  <)'  i,  and  why  shoulcl 
it  var>'  to  the  extent  of  twenty  days  in  either  direction  from 
it**  mean  period  of  331  *'j  days?  What  physical  cause  is  there 
mhy  I'  Ci-minorum  and  SS  Cygni  should  remain  close  to  mini- 
-  urn  for  weeks  or  months  and  then  suddenly  rise,  attaining; 
riaximum  in  two  days  or  less?  Why  do  very  red  stars  usually 
h:i\e  ver>-  king  periods?  And  so  forth  to  more  complex  <iucries. 
iK^ide^  the  telescope — and  s<ime  place  to  use  it — there  are 
ncednl  only  a  goo<l  star  atlas  and  a  number  of  charts  of  the 
variables  to  be  studied.  The  intending  ol>server  sh<nild  a<S4>- 
ciate  himself  with  the  .American  Association  of  Variable  Star 
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Observers  or  with  the  Society  for  Practical  Astronomy.  The 
necessary  charts  are  procurable  from  the  members  or  directly 
from  the  Harvard  College  Observatory.  Patience  and  perse- 
verence  do  the  rest. 

It  can  only  be  ignorance  of  the  pleasure  and  the  usefulness, 
combined,  of  variable-star  observing  which  has  so  far  deterred 
amateur  observers.  One  great  obstacle  has  been  the  want  of  a 
primary  volume  on  this  branch.  This  is  to  be  met  within  two 
years  by  Father  Hagen. 

At  present  the  literature  is  scattered  in  various  magazines. 
The  beginner's  path  is  now,  however,  distinctly  easier  than  it 
was  three  years  ago.  The  magazine  Popular  Astronomy  gives 
each  month  a  report  of  the  work  of  our  association,  the  ob- 
servations now  numbering  700  to  1,100  per  month,  according 
to  weather ;  but  more  observers  are  needed  to  carry  on  the  work 
properly.* 

Is  it  not  practicable  to  establish  a  variable-star  section  in  our 
own  society?  What  is  needed  other  than  a  director  inspired 
with  zeal  for  the  cause  ? 

A  vast  number  of  observations  is  needed  for  study  and  to 
accumulate  the  data  required  for  elucidating  the  many  prob- 
lems related  to  variable  stars.  Who  will  volunteer  to  take 
hold  and  help  and  in  the  process  become  fascinated? 

Let  me  now  present  the  claims  of  variable  stars  in  resume : — 

1.  It  is  the  chief  line  open  to  amateurs  in  which  they  may  do 
good  work  and  turn  their  telescope  power  to  useful  account. 
Many  hundreds  of  thousands  of  such  observations  are  required 
for  the  purpose  of  the  professional  astronomer  and  the  field  is 
open,  with  no  crowding. 

2.  This  pursuit  has  a  charm  which  must  be  experienced  to 
be  appreciated.     It  does  not  pall  nor  grow  monotonous. 


*  To  support  this  statement,  let  me  quote  from  the  Annals  of  the  Harvard  Col- 
lejre  Observatory,  Vol.  LV,  p.  jg,  (italics  mine): — 

"062508  X  Monocerotis. — A  period  of  163  days  satisfies  many  of  the  measures 
made  on  Harvard  photographs  from  March  24,  1888.  to  November  13,  iqoi;  but 
there  are  large  irregularities,  and  assuminif  this  period,  the  '"riabi*'  was  «'>nietime«i 
at  or  near  minimum  at  computed  dates  of  maximum.  The  form  of  the  light-curve 
and  range  of  variation  are  also  very  irregular.  The  spectrum  of  the  star  is  that 
which  is  characteristic  of  long-period  variables.  Very  few  tnsua!  obserx'oHons  have 
been  published.  Since  it  does  nor  appear  to  go  below  the  tenth  magnitude,  if  coufd 
easily  be  followed  with  small  telescopes,  and  continuous  obsercotions.  when  the 
star  is  not  too  near  the  Sun,  are  needed  to  learn  the  nature  of  the  changes  of  this 
interesting  variable." 
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3.  h  ha>  an  educative  and  intellectual  value  of  its  own.  This 
CiH  be  better  understood  after  a  practical  acquaintance  with 
Xr<  (lursuit. 

4-   It  is  not  co^tly. 

5  It  leads  to  the  formation  of  desirable  acquaintances  for  a 
•■  ■  -t  cordial  esprit  dc  corps  exists  among  its  devotees. 

f»-  It  requires  method  in  observing  and  recording  results, 
iT*i  lra<is  to  habits  of  exactness;  likewise  to  the  setting  of 
p'  ■hlcini  to  be  worked  out  and  to  a  desire  for  higher  knowledge. 
It'*  influence  is  wholly  wholesome  upon  mind  and  brain  and 
tcrr|ier.     It  is  an  uplifting  pursuit. 

7.  It  is  constructive,  not  destructive,  and  adds  to  the  sum 
I  I  human  knowledge. 

In  view  of  this  presentation,  will  not  a  few  of  you  join  the 
r2nk<^  *»f  the  ohser\*ers?  I  should  be  glad  to  assist  any  novice 
in  making  a  right  start,  remembering  the  difficulties  which 
C'infn»nte<i  me  at  the  outside  for  want  of  accessible  advice. 

\  ll'ttl*  Y.  Cal 


rL.\XET.\RY    PHENOMENA    FOR   JULY   AND 
AUGUST,  1913. 


Bv  Malcolm  McNeill, 


PH  \<ES  or  THE  MOON,  PACIHC  TIME. 

\'»   M-N.n  J'.ily3.  9*  6" P.M.  '  New  Moon  ...Aug. 2.  4*»58™am. 

F  TM  ij.^^TUT       "  ic    I    37    P.M.  First  Quarter...  "    8,   8     3    p.m. 

f    '!  M"«'n  *  17.10     6    p.m.  Full  Moon "  16,12  27    p.m. 

l-»»t  ^^uartcr.       "  26.    i    59    a.m.  (  Last   Quarter...    "  24,   4    18    p.m. 

,  New  Moon  ...    *•  31, 12  38    P.M. 


The  third  eclipse  of  the  year,  a  partial  eclipse  of  the  Sun. 
iKCHT^  on  Aujjusi  31st.  The  region  of  visibility  is  from  Green- 
luri  x*i  Nova  Scotia.  The  eclipse  is  a  small  affair  devoid  of 
^xntihc  interevi,  the  maximum  obscuration  of  the  Sun  beinjj 
»  riv  15  f>cr  cent  <»f  its  diameter. 

The  Earth  is  in  aphelion  on  the  afternoon  of  July  3d. 

\f**rinry  is  an  evening  star  at  the  beginning  of  July,  setting 
raflier  nu»rc  than  an  hour  and  a  half  after  sunset,  and  the  inter- 
\jk\  ilK^  n**t  diminish  to  an  hour  until  after  the  middle  o{  the 
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month,  so  it  may  be  easily  seen  during  the  evening  twilight. 
It  comes  to  greatest  east  elongation  on  the  morning  of  July  7th, 
the  apparent  distance  from  the  Sun  being  then  26°  13',  a  con- 
siderably greater  distance  than  at  the  average  greatest  elonga- 
tion, this  because  the  planet  reaches  aphelion  on  July  i6th,  only 
nine  days  after  greatest  elongation.  After  the  time  of  greatest 
east  longation  the  planet  approaches  the  Sun  and  passes  inferior 
conjunction  on  the  morning  of  August  4th,  becoming  a  morning 
star.  The  distance  from  the  Sun  increases  rapidly  and  the 
planet  reaches  greatest  west  elongation,  18°  26',  on  the  morning 
of  August  22d,  rather  a  small  greatest  elongation,  because  it 
passes  perihelion  on  August  29th,  only  a  week  later.  During 
the  latter  half  of  August  Mercury  will  rise  rather  more  than 
an  hour  before  sunrise,  and  may  be  seen  on  clear  mornings  in 
the  eastern  twilight. 

Venus  is  a  morning  star,  rising  a  little  less  than  three  hours 
before  sunrise  on  July  ist.  This  interval  increases  about  half 
an  hour  during  the  month  and  then  diminishes  slightly  during 
August,  being  a  little  over  three  hours  on  August  31st,  It 
reaches  greatest  west  elongation,  45°  44',  on  the  afternoon  of 
July  3d,  and  from  that  time  the  apparent  distance  between 
planet  and  Sun  diminishes,  but  on  account  of  the  increasing 
northerly  distance  of  the  planet  relative  to  the  Sun  the  interval 
between  the  rising  of  the  planet  and  sunrise  increases  for  some 
weeks.  During  the  two  months  Venus  moves  about  70*^  east- 
ward and  4°  northward  among  the  stars  from  a  position  a 
little  south  of  the  Pleiades  in  Taurus  through  that  constellation 
and  Gemini  into  Cancer.  In  its  easterly  motion  it  passes  Saturn 
at  a  distance  of  1°  18'  to  the  south  on  July  21st,  and  also  comes 
to  conjunction  with  Neptune  on  the  afternoon  of  August  29th, 
the  latter  planet  being  only  18'  north  of  Venus  at  the  time  of 
nearest  approach. 

^fars  rises  a  little  after  i  a.  m.  on  July  ist  and  shortly  after 
II  p.  M.  on  August  31st,  moving  during  the  interval  from  a 
point  in  Aries,  43°  eastward  and  9°  northward  through  that 
constellation  to  a  position  in  the  eastern  part  of  Taurus, 
Toward  the  end  of  July  it  passes  about  5°  south  of  the  Pleiades, 
and  on  August  12th  about  5°  north  of  a  Tauri,  Aldebaran,  the 
principal  star  of  the  constellation.    On  August  24th  Mars  is  in 


Astronomical  Society  of  the  Pacific,  163 

«.  -fvunctMjn  with  Saiunt,  th«  former  passing  about  one  degree 
^niih  of  the  latter.  Its  actual  distance  from  the  Earth  dimin- 
i-hr^  aNnit  thirty  millions  of  miles  during  July  and  August, 
ar-1  \\<  brightness  increases  about  40  per  cent  during  this  time, 
being  at  the  end  of  August  about  28  per  cent  of  its  brightness 
at  the  next  t>p|K)sition  in  January,  1914. 

Juf^tti'T  Comes  to  opposition  with  the  Sun  on  the  morning  of 
)'S\  5th.  antl  during  this  month  is  above  the  horizon  practically 
tic  entire  nii^iit.  By  the  end  of  August  it  sets  before  i  a.  m. 
It  i-  m  the  constellation  Saj^ittarius,  and  during  the  two  months 
r.»\e^  al>#m  <>"  westward  a  short  distance  north  of  the  Milk 
I>:;«^»er  gnnip. 

Saturn  is  <lrawing  farther  away  from  the  §un,  rising  a  little 
licf'T  3  \.  M.  on  July  ist.  and  shortly  after  11  p.  m.  on  August 
^i^t.  It  is  in  the  constellation  Taurus,  a  little  north  and  east 
'•t  -f 'i/rNjrdii,  and  during  the  month  moves  about  6°  eastward. 
It^  o»n;nncti*>n  with  fenus  on  July  2ist  and  with  Mars  on 
\-j;^i<t  24th  have  already  been  mentioned. 

f'-itnus  i-i  in  opposition  with  the  Sun  on  July  28th  and  is 
c  •r-<-*|ticntly  (»n  the  meridian  at  midnight.  On  July  1st  it 
jas'i<-%  the  nHrri<lian  at  about  2  a.  m.  and  on  July  31st  at  a  little 
\tei  'fc  10  p.  M.  It  moves  about  2°  westward  and  a  little  south- 
»ari  in  the  con-^tellation  Capricorn.  No  bright  stars  are  near, 
Um  early  in  July  the  planet  passes  about  one  degree  south  of 
t^e  nt:h-ma;;nitude  star  vCapricomi, 

\  rf'tunc  \^  in  conjunction  with  the  Sun  on  July  18th  and 
•h:r:*:^  July  and  August  is  too  near  the  Sun  even  for  telescopic 
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Concerning  Some  Forces^  Affecting  Cosmical  Motions. 

It  is  well  known  that  many  cases  of  discrepancies  h^ve  existed 
between  the  observed  positions  of  bodies  in  the  solar  system 
and  their  positions  as  predicted  upon  the  basis  of  Newton's 
law  of  gravitation.  Some  of  the  discrepancies  have  been  ex- 
plained and  removed,  whereas  others  still  exist. 

Halley's  Comet  returned  to  perihelion  in  March,  1759,  sev- 
eral months  later  than  the  predicted  time.  It  was  not  until  the 
discoveries  of  Uranus  and  Neptune  in  1783  and  1846,  respec- 
tively, that  astronomers  were  able  to  explain  the  discrepancy 
by  virtue  of  the  attractions  due  to  these  two  planets. 

Discrepancies  in  the  motion  of  Uranus  led  to  the  discovery 
of  the  disturbing  body  Neptune  in  1846 — facts  familiar  to  all 
students  of  astronomical  history. 

It  has  long  been  known  that  there  are  minute  discrepancies 
between  the  observed  and  predicted  motions  of  Mercury,  Venus, 
the  Earth,  and  Mars.  Newcomb's  interest  in  this  problem  led 
him  to  investigate  the  effects  of  undiscovered  small  planets  sit- 
uated between  the  Sun  and  the  orbit  of  Mercury,  or  between 
the  orbits  of  Mercury  and  Venus,  and  likewise  of  the  finely 
divided  matter  responsible  for  the  zodiacal  light;  but  he  con- 
cluded that  forces  due  to  such  masses  could  not  be  the  causes 
of  the  discrepancies.  Seeliger's  researches,  on  the  contrary, 
have  convinced  him  and  others  that  the  zodiacal-light  material 
may  be  an  extremely  important  factor  in  this  problem  :  though, 
perhaps,  this  is  not  the  only  factor. 

The  most  noteworthy  case  of  discrepancy  relates  to  our  Moon, 
principally  because  the  relative  nearness  of  the  Moon  to  the 


'  In  this  brief  note  there  has  been  no  effort  made  for  completeness,  by  including 
eruptive,  gas  action,  convection,  and  other  minor  forces:  nor  by  referring  to  the  im- 
portant investigations  of  Lcverrier  and  others. — W.  W.  C. 
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.4wcrrvcr  causes  the  discordances  to. have  considerable  anjjular 
n^agnmidc ;  and  these  remain  unexplained. 

It  i«i  scarcely  an  exap^gcration  to  say  that  successive  genera- 
tinn«  of  astronomers  fully  exi)ected  that  Newton's  law  would 
nitiniately  be  found  to  explain  all  such  discrepancies,  either 
thnnij:h  more  perfect  methods  in  the  application  of  the  law  or 
thnniph  the  action  of  disturbing;  bodies  as  yet  undiscovered. 
TV  recent  discoveries  of  forces  and  principles  possessing^  quite 
.•;*Terent  natures  from  those  of  gravitation  have  tended  to 
wt.iken  the  view  that  Newton's  law  is  all-sufficient. 

Radiation  pressure,  discovered  theoretically  by  Maxwell 
i-xl  c^tabHshe<l  experimentally  by  Lebedew  and  by  Nichols 
and  Hill,  is  far  reaching  in  its  consequences  upon  the  cosmical 
•^•■tHios  of  minute  particles.  In  the  case  of  comets'  tails,  for 
r^^tance,  radiation  pressure  seems  to  be  more  effective  than 
i:ra\itation;  but  this  force  appears  to  be  negligible,  at  least  for 
!:".e  prr^^ent,  when  we  are  dealing  with  relatively  large  indi- 
\i<!*.:a]  masses. 

i'.Riiwv  has  investigate<l  the  possible  effects  of  the  Earth's 
rra^n^tic  force  upon  the  motion  of  the  Moon,  only  to  conclude 
t'  .It  this  force  is  ineffective  and  negligible. 

\V\cnEK,  I^)RENtz.  and  de  Sitter  have  discussed  the  prin- 
c'j  Ic  of  relativity  as  a  possible  important  factor  in  explaining 
exi'^ting  residuals  in  the  motions  of  planetary  perihelia. 

P-iTTLiXGER  and  DE  SiTTER  havc  recently  investigated  the 
K\:-4heMS  that  the  mutual  gravitational  attractions  of  two 
*•  K]ic^  may  be  influenced  by  the  passing  of  a  third  body  between 
xhr  6rst  two :  the  intervening  body  absorbing,  in  effect,  a  cer- 
tain amount  of  the  original  attractive  force  in  accordance  with 
L-  u  *  de^jending  upon  the  mass  penetrated  by  the  lines  of  force. 
There  is  some  evidence  that  this  hN'pothesis  is  an  approxima- 
•    *i  to  a  fact  of  nature. 

If  ^L*:*s  recent  work  has  led  him  to  the  conclusion  that  the 
^•.:n  i*;  a  weak  magnet  whose  north  pole  is  in  a  general  way 
*if  i.ite<!  near  the  north  geographic  pole  of  the  Sun.  That  the 
Earth  and  Sun,  perhaps  the  only  bodies  available  for  such 
**•.:•  I-e**  by  means  of  existing  res^iurces,  <ihould  prove  to  be 
•nacnets,  of  like  polarity,  argues  strongly  for  the  existence  of 
"•acnrtic  forces  in  all  other  rotating  cosmical  bodies. 
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The  effects  of  solar  and  terrestrial  magnetism  upon  the  mo- 
tions of  the  Sun  and  Earth  are  no  doubt  negligible  for  the  pres- 
ent, but  may  it  not  be  that  similar  forces  under  other  cosmical 
conditions  are  highly  effective?  Consider  the  case  of  a  close 
spectroscopic  binary  system,  whose  period  of  revolution  is  only 
a  few  hours  or  only  a  few  days.  We  have  very  strong  reasons 
for  believing  that  the  two  massive  components  are  rotating  on 
axes  essentially  parallel,  in  the  same  direction  with  reference 
to  their  surroundings,  once  in  each  revolution  period.  If  the 
rotation  of  a  sun  or  a  planet  is  an  important  factor  in  develop- 
ing its  magnetic  field,  may  not  the  two  rapidly-rotating  com- 
ponents of  the  double-star  system  be  magnets  of  great  strength  ? 
Is  it  not  probable,  further,  that  they  are  of  like  polarity,  since 
they  are  rotating  in  the  same  direction?  Further,  as  the  two 
bodies  are  separated  by  a  minute  distance,  may  not  their  mag- 
netic forces,  presumably  repellant,  be  effective  in  causing  their 
orbits  to  grow  larger.  Darwin,  Poincare,  and  See  have  con- 
tributed to  the  widely  accepted  theory  that  a  stellar  mass  rotat- 
ing ever  more  rapidly  to  keep  pace  with  decreasing  diameter 
as  a  result  of  heat  loss,  may  divide  into  two  components,  which 
continue  to  revolve  around  their  center  of  mass  in  orbits  grow- 
ing larger  and  larger  by  virtue  of  tidal  interactions,  all  operat- 
ing according  to  Newton's  law  and  the  laws  of  friction.  More 
recent  investigators  have  questioned  the  sufficiency  of  tidal 
interactions  to  account  for  the  apparent  separation  of  the  two 
components  of  a  double  star  beyond  certain  limits.  Might  it 
not  be  well  to  make  quantitative  study  of  repellant  magnetic 
forces  in  double-star  formation  and  development,  based  upon 
hypothetical  cases  in  harmony  with  existing  knowledge  concern- 
ing spectroscopic  and  visual  double-star  systems. 

W.  W.  Campbell. 
May  I,  1913. 

Recent  Changes  in  Lick  Observatory  Appointments. 

Dr.  Joseph  H.  Moore,  Acting  Astronomer  in  the  Lick  Ob- 
servatory, who  is  in  charge  of  the  D.  O.  Mills  Expedition  to 
the  southern  hemisphere  at  Santiago,  Chile,  will  return  to 
Blount  Hamilton  as  Assistant  Astronomer  late  in  the  summer 
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f  HM3.  I>r.  MtK)RE  has  been  in  charge  of  the  work  in  Giilc 
tlu^-'.njj  the  past  four  years. 

I>r.  Ralph  E.  Wilson,  Assistant  in  the  Lick  Observatory 
•*:nnij  the  past  two  years,  has  been  appointed  Assistant  Astron- 
■  :^'cr  in  charge  of  the  D.  O.  Mills  Expedition  in  succession  to 
IH.  Moore. 

I>r.  Wilson  and  Miss  Mary  AuKLAn)E  Macdonald  wxre 
"•arried  in  the  library  of  the  Lick  Observatory  on  May  20th. 
Mr*,  Wilson  was  the  first  child  bom  to  parents  of  the  Lick 

<  -tj^rvator)-  community,  and  Mount  Hamilton  has  been  her 
h  -oie  since  childhood.  Dr.  and  Mrs.  Wilson  will  sail  from  San 
Francisco  on  June  30th  by  the  Pacific  Mail  S.  S.  "Pennsyl- 
vania" for  Panama  and  Valparaiso. 

Mr.  RosoiE  F.  Sanford,  for  the  past  two  years  Assistant  in 
the  w»>rk  of  the  D,  O.  Mills  Expedition  at  Santiago,  Chile,  has 
Uin  ap(x>inte<l  Assistant  Astronomer  for  longer  residence  in 

<  1::!e.  I5eforc  appointment  to  the  D.  O.  Mills  Expedition,  Mr. 
SwntRD  was  Carnegie  Assistant  in  the  Lick  Observatory  for 
!».»  >ears,  with  residence  at  Mount  Hamilton,  and,  following 
th'-^  term,  served  for  three  years  in  the  Carnegie  Meridian  Ob- 
«nator\*  at  San  Luis,  Argentina,  as  Assistant  to  Astronomer 

Til  KER. 

Dr.  Eli  Stuart  Havnes  has  been  appointed  Martin  Kellogg 
F<'!"W  in  the  Lick  Observatory  for  the  academic  year  I()i3-I4, 
»!h  residence  at  Mount  Hamilton.  Dr.  Havnes  was  on  the 
*:atf  «>f  the  Laws  Observatory,  University  of  Missouri,  for 
*<\eral  years :  during  the  past  two  years  he  has  been  a  graduate 
<.:<Icnt  in  the  L'niversity  of  California,  and  during  the  current 
\rar  an  instructor  on  the  staff  of  the  Students'  Observator\'. 
H:*  the<is,  in  completion  of  requirements  for  the  degree  of 
I>i<ior  of  Philosophy  in  the  l*niversity  of  California,  relate*^ 
t  '  i!ie  orbit  of  the  minor  planet  191 1  MT  (719)  Albert.  An 
**  -tract  of  this  thesis  appears  in  the  present  number  of  these 
/  uhAcations. 

>f:vs  Ri'Tii  Standf-N,  Secretar>'  of  the  Lick  Obser\'atory, 
Va*  been  granted  leave  of  absence  for  six  months  for  travel  in 
E:ir  'jic  in  the  latter  half  of  this  year.  Miss  Clarice  L.  Davis 
*"-a^  been  apfM>inted  Secretary  ad  interim. 
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Dr.  Paul  Willard  Merrill,  Assistant  in  the  Lick  Ob- 
servatory during  the  years  1909-10  and  Fellow  in  the  Lick 
Observatory  during  the  academic  years  1910-13,  has  been  ap- 
pointed instructor  in  astronomy  in  the  University  of  Michigan. 
Dr.  Merrill's  thesis,  in  completion  of  requirements  for  the 
degree  of  Doctor  of  Philosophy  in  the  University  of  California, 
conferred  on  May  14th,  related  to  "Class  B  Stars  Whose  Spec- 
tra Contain  Bright  Hydrogen  Lines.''  An  abstract  of  this 
thesis  appears  in  this  number  of  the  Publications,  and  the  thesis 
in  full  will  form  a  Lick  Observatory  Bulletin, 

Dr.  Carl  Clarence  Kiess,  Fellow  in  the  Lick  Observatory 
during  the  academic  years  19 10- 13,  has  been  appointed  instruc- 
tor in  astronomy  in  the  University  of  Missouri.  His  thesis, 
in  completion  of  requirements  for  the  degree  of  Doctor  of 
Philosophy  in  the  University  of  California,  conferred  on  May 
14th,  is  based  upon  an  investigation  of  the  cluster  variable, 
RR  Lyra*.  An  abstract  of  the  thesis  appears  in  this  number 
of  the  Publications,  and  the  thesis  will  form  the  contents  of  a 
Lick  Observatory  Bulletin, 

Dr.  Emma  Phcebe  Waterman,  Vassar  College  Fellow  in 
the  Lick  Observatory  during  the  academic  year  IQ12-13,  has 
been  appointed  assistant  in  the  Argentine  National  Observatory 
at  Cordoba.  Her  thesis,  in  completion  of  requirements  for  the 
degree  of  Doctor  of  Philosophy  in  the  University  of  California, 
conferred  on  May  14th,  consisted  of  a  study  of  the  visual  region 
of  spectnim  in  the  brighter  Class  A  stars  of  the  northern  sky. 
An  abstract  of  the  thesis  results  appears  in  the  present  number 
of  these  Publicatiotts,  and  the  thesis  as  a  whole  will  be  pub- 
lished as  a  Lick  Observatory  Bulletin, 

Mr.  John  Himes  Pitman.  Joshua  Lippincott  Fellow  in  the 
Students'  Observatory,  University  of  California,  during  the 
academic  year  1911-12,  and  Fellow  in  the  Lick  Observatory 
during  the  current  year,  has  been  appointed  instructor  in 
mathematics  and  astronomy  in  Swarthmore  College. 

W.  W.  Campbell. 
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Appropriation  for  the  Lick  OnsERVATORY. 

The  l-<rpslaturc  of  the  State  of  California  has  unanimously 
apf>n>priated  the  sum  of  $50,000  to  cover  the  expense  of  con- 
«ructi«»n  of  a  three-stor>'  concrete  dormitory  and  two  frame 
c  •tta;:?-,  in  rei^lacement  of  residence  space  which  was  destroyed 
h\  the  earthquake  of  July  I,  1911.  Expenses  on  account  of 
r:in«»r  tiamaj^o  to  substantially  all  the  buildings  on  Mount 
iiamilton.  to  the  clocks,  domes,  etc.,  in  excess  of  the  above 
af-T'ri.|»n:iti»)n.  have  been  met  from  other  funds.  The  new  resi- 
**fnce  *|)ace  will  l>e  ready  for  occupation  in  June  of  this  year. 

\V.  \V.  Campbell. 


Tup   KiKiLKR  Cu>ck  of  the  Lick  Observatory. 

TIk-  KicfltT  Hi<lereal  clock  was  first  mounted  at  the  obscrva- 
t'T>  in  Novenil>er.  igo6.  It  was  finally  sealed,  after  rating,  in 
J-:re.  i<*)7.  A  <lc'^cription  of  the  clock,  and  of  its  performance 
t-  •  trie  cm!  of  pk)".  was  given  in  these  Publications,  volume  XX, 

TTie  «tricinal  lower  glass  cylinder,  forming  one  of  the  two 
crcl't^injj  \yc\U,  later  developed  serious  cracks.  The  most  pro- 
r  unct'd  were  tho^e  radiating  from  the  metal  insert,  where  the 
»  rr<  enter  the  ca^e.  for  the  electric  wind,  and  for  the  chrono- 
craph  c<»nnection  with  the  break  circuit.  Other  small  cracks 
M:rTi»und  the  tipj)er  edge  of  the  bell  where  it  rested  upon  the 
tr«»n  xti;.|»i-»rtinc:  bracket.  These  cracks  were  probably  the  effect 
f  expanHiMTi  and  contraction  of  the  glass  and  metal  under  tem- 
picrature  variation.  The  range  of  temperature  in  the  clock 
crjTifKrr,  in  the  l)a^ement  of  the  meridian-circle  building,  is 
a!*"njt  30"  in  the  course  of  the  year. 

Since  the-e  cracks  allowed  entrance  to  air,  the  special  design 
--•f  kee^'ing  the  clock  under  constant  air  pressure  was  defeated, 
i--l  a  new  l'»wer  case  was  accordingly  ordered  from  Munich. 
The  new  jjla^s  bell  was  broken  in  the  earthquake  shock  of 
T:ily  I.  ion.  when  the  pendulum  was  thrown  off  its  support- 
:-.;;  carriace.  and  fell  down  through  the  bottom  of  the  case; 
f -rtanately  without  injuring  the  works  of  the  clock  in  any  way. 
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Another  case,  ordered  from  the  makers  at  Munich  and  de- 
livered in  191 2,  had  been  completely  smashed  in  transit,  |X)S- 
sibly  after  the  box  had  been  opened  and  repacked  at  the  custom 
house.  The  glass  of  the  larger  bell,  however,  was  extremely 
thin,  and  appeared  not  to  have  been  strong  enough  for  so 
heavy  a  casting. 

Finally,  a  lower  bell  of  thin  copper  arrived  last  winter,  with 
an  upper  bell  of  glass,  this  last  made  without  the  broad  flange 
of  the  other  upper  bells.  In  place  of  having  a  ground-glass 
bearing  surface  of  ij^  inches,  the  new  bell  has  only  the  natural 
thickness  of  the  glass,  between  one-eighth  and  one-fourth  inch. 
With  vaseline  on  the  edges,  the  closing  of  the  case  appears  to  be 
as  secure  as  in  the  former  case,  no  leakage  having  occurred  over 
the  range  of  variation  of  atmospheric  pressure  from  one  to  four 
inches.  The  new  case  was  put  in  place  and  the  clock  mounted 
on  February,  26,  19 13.  The  clock  was  rated  before  finally 
closing,  on  April  9th,  when  the  air  was  pumped  out  to  the 
amount  of  100  millimeters,  or  four  inches  difference  atmospheric 
pressure.  To  test  the  change  in  rate  thus  produced,  the  air  was 
later  allowed  to  enter,  up  to  half  this  difference,  then  back  to 
normal  pressure;  and  finally  the  pressure  was  reduced  30 
millimeters,  giving  a  safe  margin  below  the  outside  barometric 
pressure,  which  has  a  range  of  less  than  an  inch  in  extreme 
cases. 

The  following  effects  on  the  clock  rate  were  produced  by 
the  changes  of  atmospheric  pressure,  from  free  entrance  of  air 
up  to  the  lowest  amount.  The  first  column  gives  the  record  of 
the  inside  barometer,  the  scale  reading  of  which  requires  a  cor- 
rection of  —  18  millimeters  for  the  upper  end  of  the  syphon 
tube. 

RIEFLER    SU)EREAL    CLOCK. 


Barometer, 

Barometer, 

(Uncorrected), 

Standard, 

Rate  of 

Change  in 

Rate— 

Metric. 

Inches. 

Correction. 

Per  Mill. 

Per  Inch. 

0.660 

257 

+  0-.34 

0.560 

21.7 

—  I  .52 

0«.0l86 

O-.47 

0.610 

237 

—  0  .63 

0  .0178 

045 

o.r)6o 

257 

-f  0  .26 

0  .0178 

0.45 

0.630 

245 

—  0.28 

0  .0180 

0  46 
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Thi^  chanj^je  of  rate  corresponds  closely  to  that  predicted  by 
i:>e  n^akerN  of  the  clock.  The  rate  responds  promptly  to  the 
%anat>*n  in  atnh^spheric  pressure,  and  the  change  of  rate  ap- 
ptear^  to  be  the  same  for  differences  at  high  and  low  pressure, 
t.\er  iMh  IJMiited  range.  It  would  be  possible  to  control  the 
c!-  i^  k  at  /ert'  rate  by  varying  the  air  pressure,  if  the  temperature 
rr"i!u^l  constant.  The  early  record  of  the  clock  showed  a 
c-a"^r  in  rate  of  0^.016  for  a  change  of  a  degree  Fahrenheit. 
Tht-  change  should  be  investigated  anew  for  constant  pressure, 
ai<i.  meantime,  the  difference  between  inside  and  outside  press- 
ure n*'.:st  Ik'  kept  great  enough  to  insure  the  requisite  pressure 
\r*  n  the  upj>er  bell  for  keeping  the  joint  air  tight. 

In  t!iis  c»»nnection  it  may  be  recorded  that  the  Dent  sidereal 
cl.ick  ha«l  formerly  a  temperature  rate  of  0^.04  for  one  degree 
lah^xtiheit;  and  that  the  two  Hohwn  clocks  have  not  shown 
arv  "'.irect  «lependence  upon  temperature  changes.  All  four 
v"  <:ks  arc  now  well  rated,  and  the  Frodsham  and  Howard 
c'.^k^  run  t»n  Pacific  standard  time,  by  control  with  the  rates 
.  i  .tlKTN.  R.  H.  TrcKER. 

Comet  a  1913  (Schaumasse). 

The  firNt  cinnet  of  the  year  was  discovered  by  M.  Schau- 
\i  \--K.  at  Nice.  F'rance,  on  the  night  of  May  6.  1913.  From 
^r<r\-ati«»n^  by  Antoniazzi  at  Padua,  and  Aitken  at  Mount 
}*A"  li.tTi.  on  the  night  of  May  7th,  and  by  Hartwig  at  Bam- 
\Kr\i  I  Ti  the  night  of  May  8th,  including  an  extreme  interval 
■'t  O'i  »la>s.  we  computed,  by  Leuschner's  short  method,  a 
:  '*.*:•'. :nar>'  orbit,  which  was  sent  to  Harvard  College  Observa- 
:  rv  b\  telegram  on  May  9th.  A  second  orbit  was  computed 
X  f<w  ilays  later,  based  upon  Aitken's  measures  on  May  7th, 
/'".  and  nth.  the  elements  differing  but  little  from  those  ob- 
U'-'oI  fn.m  the  shorter  arc. 

Ihc  c-i:net  makes  its  closest  approach  to  the  Sun  on  May 
r  th  a:nl  to  the  Earth  on  May  30th.  It  is  now  visible  in  a  small 
tc?CM:'«f<  and  will  become  somewhat  brighter,  but  will  not  be  a 
V  -^.^I'trii-tus  object.  It  is  moving  northwest  among  the  star*^ 
*-■:  will  tie  well  placed  for  telescopic  observation  for  several 
-    ith^.  C.  C.  KiEss. 

\'.,    K^ix  S.  B.  Nicnoi-soN. 
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Personal  Notes. 

Dr.  Anna  Estelle  Glancy,  Fellow  in  the  Lick  Observatory 
during  the  academic  years  1908-1910,  and  more  recently  Wat- 
son assistant  in  the  Students'  Observatory,  Berkeley,  has  been 
appointed  assistant  in  the  Argentine  National  Observatory  at 
Cordoba.  Miss  Clancy's  thesis,  in  completion  of  requirements 
for  the  degree  of  Doctor  of  Philosophy  in  the  University  of 
California,  appears  in  abstract  on  another  page  of  the  present 
number  of  these  Publications. 

Dr.  Sturla  Einarsson,  who  has  held  the  position  of  instruc- 
tor in  practical  astronomy  in  the  Berkeley  Astronomical  Depart- 
ment since  1910,  will  continue  in  that  position.  An  abstract  of 
his  thesis  in  completion  of  requirements  for  the  degree  of  Doctor 
of  Philosophy,  appears  jon  another  page. 

,    A.  O.  Leuschxer, 

Honors  for  Professor  Leuschxer. 

At  the  April  meeting  of  the  Board  of  Regents  of  the  Uni- 
versity of  California  Professor  A.  O,  Leuschner  of  the 
Berkeley  Astronomical  Department  was  appointed  Dean  of  the 
Graduate  School. 

Professor  Leuschner  was  elected  a  member  of  the  National 
Academy  of  Sciences  at  its  semi-centennial  celebration,  April 

22d-25th. 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


la  •ccordftocc  with  »  recent  arranfement  the  members  of  the  tcientiBc  staff  of 
*%m  iMk  Obtri  story  hold  aeetint*  once  per  week,  as  an  obsenratonr  doty,  to  report 
mpam  asd  diacaM  the  Mort  Important  articles  appearinc  in  the  journals  of  astronomy, 
4«  iBi^artaflt  new  hooks  oo  astronomical  subjects,  or  subjects  of  current  and  special 
MHraal  ia  the  ohaei* story's  work.  It  has  been  sufgcsted  that  abstracts  of  the 
'I pans  wo«ld  be  of  interest  to  the  readers  of  these  Publications,  and  the  Publication 
( aoasoee  haa  acted  faTorably  upon  the  sncgcttlons. 

It  a  istcsdcd  to  preserre  the  qualities  of  abstracts  as  far  as  possible,  and  to 
-TVtnet  pnWisWd  ciltkisms,  faTorable  or  unfarorable,  to  a  minimnoL 


RL>li:\RCIIFS  ON*   THE   MoTlOX   OF  THE   MoON,   BY   SiMOX 

New  COMB.* 

This  mork.  which  has  recently  been  distributed,  contains  the 
final  memoir  prepared  by  the  late  Professor  Xewcomb,  the 
c-T\  v-r  the  printer  having  been  completed  only  a  month  before 
h:«  death.  It  is  a  continuation  of  the  author's  former  memoir 
'T  the  M«)on's  motion,  which  was  published  as  an  appendix  to 
the  Wa-^hinjijlon  observations  for  1875.  In  the  preface  to  the 
I'rvtnt  vohime  it  is  stated  that  **the  whole  work  may  be  de- 
vrr.fictl  a*i  a  di-^cussion  of  ancient  and  mediaeval  eclipses  of  the 
Sun  and  Mo<>n,  and  of  occultations  of  stars  by  the  Moon 
'^»^r\*e<i  from  1627  to  the  present  time,  with  the  general  pur- 
f«-'-^  fif  studying  those  fluctuations  in  the  Moon's  motion  which 
are  n*»i  represented  by  existing  theor\'." 

•"The  most  important  fact,"  Newcomb  says,  **brought  out  by 
•h:-  and  other  researches  of  the  author  on  this  subject,  and  by 
a  c  T'.fari^m  with  the  theoretical  researches  of  other  investi- 
Cit -r-i.  CNjKxially  of  Professor  Ernest  W.  Rrowx,  is  that  the 
M'"*i-n*<  mean  motion  is  subject  to  fluctuations  which  are  not 
t\  unrepresented  by  existing  theory,  but  for  which  it  seems 
•fiffknik  to  assign  any  sufficient  physical  cause." 

The  main  purpose  of  the  present  memoir  is  *'to  show  with  all 
!hr  precision  of  which  the  obser\'ations  admit,  what  unex]>lained 
•fvmations  the  mean  motion  of  the  Moon  has  actually  under- 
r  nc/*  The  observations  are.  principally,  those  of  occultations 
.-f  Htar^  by  the  Moon,  and  the  metho<l  of  investigation  is.  in 
b«^.cf,  the  ajmparison  of  the  Moon's  positions  as  deduced  from 

*  "awe  !X.  Fart  I.  of  the  "Astronomical  Piper*,**  prepared  for  the  o»c  of  the 
*m^    mm  E^hrmt^ris  Mud  SmmtUmi  Almatuu, 
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these  observations,  with  those  derived  from  Hansen's  tables, 
after  the  latter  have  been  corrected  to  reduce  them  to  the  **pro- 
visionally  accepted  theory."  This  comparison  gives  the  data 
from  which  equations  of  condition  are  formed,  whose  solution 
gives  the  deviations  from  theory  of  the  Moon's  mean  motion 
in  longitude.  The  account  of  the  methods  and  formulae  of 
reduction  adopted,  of  the  corrections  to  Hansen's  tables,  and 
of  the  data  relating  to  the  original  observations  is  followed  by 
chapters  giving  the  corrected  tabular  positions  of  the  Moon, 
the  positions  of  the  occulted  stars,  the  position-angles  used  in 
computing  the  coefficients  of  the  equations  of  condition,  and 
these  equations  in  full.  The  final  chapters  are  then  given  to  a 
discussion  of  the  results  obtained  from  the  solution  of  the 
equations  combined  with  the  results  from  the  author's  earlier 
investigations. 

The  principal  conclusion  reached  is  that  "there  is  no  value 
which  we  can  assign  to  the  Moon's  undisturbed  mean  motion 
as  definitive."  There  are  fluctuations  which  cannot  as  yet 
be  explained.  "So  long  as  they  might  be  supposed  to  arise 
from  defects  in  the  computations  of  gravitational  theory  we 
might  plausibly  suppose  them  to  arise  from  actual  periodic 
terms  which  had  eluded  our  scrutiny.  But  today  it  seems  almost 
as  certain  as  any  proposition  in  mathematical  science  can  be 
that  there  are  no  known  masses  of  matter,  the  gravitational 
action  of  which  could  produce  the  observed  effects.  Working 
quite  independently  of  each  other,  I  feel  that  Brown  and  I 
have  examined  every  possible  term  and  made  such  estimation 
of  its  limiting  possible  magnitude  as  to  insure  the  correctness 
of  our  conclusions.  Brown  has  gone  yet  further  by  finding 
the  limiting  value  of  any  possible  omitted  term  to  be  insensible.". 

The  expression  for  the  great  fluctuation  is  given  by  New- 
comb  as, — 

Bv=  I2".95  sin  [i°.3i  (t—  1800.0)  +  ioo°.61 
Period  =  275  years. 

Superimposed  upon  this  are  smaller  fluctuations. 

The  author  closes  his  "concluding  remarks"  with  these  sen- 
tences :  "The  most  unsatisfactory  feature  of  the  conclusion  of 
the  entire  work  as  carried  through  by  the  author  is  that,  until 
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Vf  maUcr  is  cleared  up,  it  will  be  imi)ossible  to  predict  the 
^^*•n'*;  mean  longitude  with  the  precision  required  for  astro- 
T  "  :cal  f)uqx>ses.  We  shall  be  oblij^^ed  to  correct  the  Moon's 
:-  <.ii  longitude  from  time  to  time,  perhaps  at  intcr\'als  of  10 

•  r  30  years,  from  observations." 

I>r.  Frank  E.  Ross  was  Professor  Xewcomb*s  associate  in 
c,irr>ing  out  this  investigation,  acting  both  as  coniputor  and 
a^  MUKrrintendent  of  computations.  R.  G.  Aitken. 

Mav.  I0!3- 

The  Mass  of  the  XrcLErs  ok  IIallev's  Comkt. 

In  a  pai)er  published  in  the  Bulletin  of  the  St.  Petersburg 
,Kiidcmy,  1013.  No.  5.  Professor  S.  (^rloff  give^  an  inter- 
esting investigation  of  this  question,  based  upon  photometric 

•  *♦-€' rvaiions.  Just  as  we  have  a  phase  effect  in  the  light  from 
the  M<»*>n,  so  also  if  the  nucleus  of  a  comet  consists  either  of  a 
Mng!e  ma^^s  or  of  a  swarm  of  small  material  particles,  it  should 
--1'  w  a  f>hase  effect  depending  upon  its  position  with  reference 
T  •  the  Sun  and  to  the  observer.  Earlier  investigations  by  the 
^a-T'.e  author  have  shown  the  existence  of  a  phase  effect  in  the 
•".ic!„-us  f»f  Halley's  Comet,  and  in  the  present  pa|>er  Orloff 
r*j.keN  the  attempt  to  separate  from  all  the  light  prtKeeding 
fr.  *M  the  niKleus  that  portion  which  may  be  due  solely  to  the 
rr-lectet!  rays  of  the  Sun,  depending  upon  the  phase  angle  and 
'jT-*n  the  distances  of  the  comet  from  the  Earth  and  the  Sun 
't  -;<-ctJvely  (  A  and  r ) . 

FV-ides  this  reflected  light,  the  nucleus  may  give  out  intrinsic 
\,:Vx  f»f  its  own,  as  a  secondary  effect  of  the  action  of  the  solar 

1  •  r  the  reflected  rays  the  law  of  diminution  of  brightness  is — 

X 

tfAV' 

■Arf^-e  a  i^  the  correction  for  phase;  for  the  calculation  of  this 
fart'T  <  )rijoff  used  tables  <lerived  according  to  LAMnKRT*s 
to  r\.     For  the  diminution  of  the  intrinsic  light  of  the  nucleus. 

•  f   Law  !*»,  of  course,  unknown,  but  may  be  expressed  by  the 

r  -T-nla, — 

Y 
At" 
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where  the  exponent  n  is  unknown,  and  must  be  so  determined 
as  best  to  satisfy  the  observations.  The  observed  brightness 
of  the  nucleus  H^  may  then  be  represented  as  the  sum  of  the 
reflected  and  the  intrinsic  light  in  the  form, — 

Each  individual  observation  gives,  accordingly,  one  equation 
with  the  three  unknowns,  X,  Y  and  ft,  to  be  solved  by  least 
squares.  Before  the  passage  of  Halley's  Comet  through  peri- 
helion the  influence  of  phase  was  negligible,  amounting  to  only 
0.18  magnitude;  thirty  observations  by  Bemporad  were  select- 
ed for  the  investigation,  taken  in  the  epoch  from  May  24  to 
July  4,  1910,  after  the  passage  of  the  comet  across  the  Sun's 
disk.    The  solution  gave, — 

X  =  5.717  and  Y  =  0.072. 

An  inspection  of  the  relative  magnitude  of  these  quantities 
shows  at  once  that  the  nucleus  shone  only  by  reflected  light, 
the  amount  of  intrinsic  light  being  negligible.  Another  solution 
showed  that  it  was  impossible  to  neglect  the  eflfect  of  phase. 

The  investigation  showing  that  the  nucleus  shone  simply  by 
reflected  sunlight  like  a  star  of  magnitude  7.2,  it  becomes  pos- 
sible to  compute  the  mass  of  the  nucleus ;  here  three  assump- 
tions are  necessary: — 

1.  Concerning  the  magnitude  of  the  nuclear  particles ; 

2.  Concerning  the  albedo  of  these  granules ; 

3.  Concerning  their  density. 

For  the  albedo  Orloff  takes  0.2  {Mars  ^0,22),  and  for 
the  density  of  the  particles  he  takes  the  mean  density  of  the 
Earth.  If  the  nucleus  were  one  solid  mass,  a  maximum  value 
of  the  mass  is  obtained ;  postulating,  on  the  other  hand,  that  it 
is  made  up  of  small  particles  of  not  less  than  2""  radius,  a 
minimum  value  is  obtained  (if  particles  were  smaller  than  this, 
the  influence  of  light  pressure  would  be  greater  than  o.oooi 
of  gravitation,  and  marked  perturbative  eflfects  would  be  noticed 
in  the  orbit  of  the  comet).  It  is  possible  to  affirm  with  some 
certainty  that  the  mass  of  the  nucleus  is  included  between  the 
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im.«  Iniits  thus  given.     Orloff's  results  are   (Earth's  mass 

^  .A  <  mass  of  nucleus  < -^  -.- 

Eiilier  value  is  probable  and  possible,  but  everything  leads  to 
the  belief  that  the  smaller  value  is  more  likely  to  be  nearer  the 
trath,  and  it  is  not  improbable  that  the  true  mass  of  the  nucleus 
of  Hallcy**;  Comet  may  be  much  less  even  than  this.  This  mini- 
inyn  ma-^s  amounts  to  about  thirty  million  tons,  equal  to  leiC 
than  six  cubic  miles  of  air  at  sea  level  density. 

H.  D.  Curtis. 

The  Orbit  of  PQovlosx.  Borealis  (15**  23".7).* 

An  iin;i-ual  circumstance  attends  the  determination  of  the  orbit 
of  5l    r,'n<r  BorcaJis,  which  has  been  observed  during  1910- 

:■  :j  at  the  Dominion  Observatory  in  Ottawa.  Canada.  The 
j'tar^  -;.crtrum  is  given  in  the  Annals  of  Harvard  College  Ob- 
Mrn.it  ry  a^  **F  peculiar."  with  the  note  that  **this  star  is  very 
ff.\:'ar  in  the  relative  intensity  of  the  solar  lines.'*  Mr.  J.  B. 
C*N\"N,  who  measured  the  plates  and  determined  the  orbit. 
is;.--  !':.it  the  lines  are  so  different  from  those  of  a  solar  stan- 
•iirl  ;.latc  that  the  comparator  measures  were  very  unreliable. 
*  "*<  ,:unt!y  all  plates  were  measured  with  resi)ect  to  a  single 
p\!t  ''f  the  star  itself  and  the  latter  plate  was  given  the  best 
-  wMrtTv.tnt  possible  on  the  comparator  against  the  solar 
<x'  'ard  A  consecutive  plot  of  observations  gave  evidence  of 
ir.  *.-cinating  amplitude  of  velocity.  The  period  of  this  oscil- 
*.t-T  is  4«io.8  days,  while  the  period  of  the  simple  velcKity 

V  :"  iti'  n  is  40.0  days.  The  range  of  the  variation  of  amplitude 
>  4*"^.  A  sine  curve  was  a-^sumed  for  the  long  oscillation 
a-i  \  the  \  allies  given  by  it  applied  to  the  velocities  obtained  from 
*\€  difTcrrnt  plates  in  order  to  get  a  curve  for  the  short  period 
i"  !  t"  \\^  all  the  obser\'ations  in  the  determination  of  this 
r"\c.  F'  urtcen  normal  places  were  formed  and  the  elements 
»rre  derived  by  the  graphical  methods  only,  since  the  accuracy 

I  the  Treasures  was  not  sufficient  for  further  reduction.  The 
e-ct'^tncity  o^  is  quite  large.     The  sine  curve  of  the  short 

.•^•^   -'  th4  Roy^  Astronomical  SocUty  of  Canada,  •,  J4j.  1912. 
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period  cannot  be  considered  well  defined.  The  amplitude  is 
gkm  2^  which  is  not  much  greater  than  that  of  the  long  period. 
The  probable  error  of  an  average  observation  is  2*^^.6,  which  is 
greater  than  the  semi-amplitude  of  the  long  period.  The  prob- 
ability of  the  variation  of  amplitude  would  seem  to  depend 
upon  its  apparent  periodicity  and  the  reduction  of  residuals  to 
reasonable  size.  G.  F.  Paddock. 

The  Determination  of  the  Cla.ss  of  the  Secondary  Spec- 
tra OF  Algol  Variables. 

In  Dr.  Schlesinger's  discussion  of  spectroscopic  binaries,^ 
he  says  there  was  at  that  time  no  definite  evidence  of  a  differ- 
ence of  spectrum  between  the  primary  and  secondary  compon- 
ents of  first-type  stars.  But,  of  course,  at  that  time  few  sec- 
ondary spectra  had  been  observed.  Moreover,  if  the  difference 
of  magnitude  exceeds  a  magnitude,  the  secondary  spectrum  is 
usually  invisible.  It  has  recently  been  found  by  Mr.  Harlow 
Shapley^  that  several  Algol  variables,  which  would  undoubt- 
edly be  shown  to  be  spectroscopic  binaries  if  spectrographs  were 
able  to  secure  the  spectra  of  such  faint  stars,  have  considerable 
difference  of  spectrum  between  their  primary  and  secondary 
components.  His  method  depends  upon  certain  facts  which  he 
has  derived  from  the  study  of  Algol  systems.  The  radius  of 
the  secondary  is  in  general  greater  than  that  of  the  primary. 
Since  the  majority  of  systems  have  nearly  equal  masses,  the 
greater  volumes  of  the  secondary  components  indicate  low  den- 
sities. Assuming  equal  masses  in  thirty-five  systems  w-hose 
primaries  have  spectra  of  classes  B  and  A,  the  average  density 
of  the  primary  components  is  one  seventh  (or  less)  that  of 
the  Sun ;  that  of  twenty-nine  secondary  components  whose 
spectra  are  to  be  determined  is  less  than  one  thirtieth  that  of 
the  Sun.  In  consequence  of  the  larger  size  of  the  secondary, 
many  systems  present  total  eclipse  of  the  primary  during 
minimum  phase.  The  light  is  then  entirely  that  of  the  secon- 
dary. If  the  latter  were  bright  enough  and  the  observation 
long  enough  the  spectrum  of  the  secondary  could  be  directly 
obtained.     But  the  duration  of  eclipse  is  too  short  except  in  a 


*  Allegheny  Publications,  I,  142. 
^  Astrophysical  Journal,  87,  154. 
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few  c.i^'N.  However,  the  color  index,  which  is  the  difference 
bttwein  the  vJMial  and  photographic  magnitudes,  may  be  found 
hs  dctemiining  the  photographic  and  visual  magnitudes  at 
runirr.um  brightness,  or  by  determining  the  photographic  and 
\i'^uai  rar.^e  4»f  brightness.  Shaplev  thus  determines  the 
o  !<»r  index  at  minimum  for  two  systems  whose  primaries  are  of 
lli-''  A:  fur  \  Piscium  0.35  magnitudes,  which,  according  to 
KiN<.'^*  MTale  of  color-indices  and  spectral  class,  puts  the  sec- 
.»".Lir\*  in  the  spectral  Gass  Fo:  for  ^^Draconis  0.84  mag- 
r.i:::«!t\  which  jnits  the  secondary  in  the  spectral  Gass  i\^. 
An-  til:  s|K*ctn)HCopic  binaries,  the  fainter  component  is  the  less 
r^'.sixi-.  Thi-  fact  and  the  fact  of  extremely  low  density  would 
s<rt*^  l«'  indicate  less  age  for  the  secondary  than  for  the  pri- 
r-.ATy  lUit  the  later  class  of  the  secondary  spectrum  as  found 
f»r  the  -/\<>/  variables  above  mentioned  would  seem  to  indi- 
cate i:reatcr  avje.  The  determination  of  secondary  spectra  is 
c  •ns^t]ucntly  ini|x)rtant  in  the  study  of  the  development  of  close 
lr"„T\   sy<tenis.  G.  F.  Padihk'K. 

1  :\\     K\N*.F,>  OK   \*EL(K'ITV   AND   BRIGHTNESS  OF   CePIIEU) 

\'ariables. 

A  s-^Miifuant  |K>int  concerning  Ccphcid  variables  has  recently 
Urn  hr. -I'-^ht  to  notice  by  Lidenixjrff  of  Potsdam,  who  has 
r*.  *k'-:h«'  a  :i«'te  in  the  Astronomischc  Xachrichtctr  giving  the 
!:-t  «»f  known  Ccf*hcid  variables  and  pointing  out  an  apparent 
c  T.rwt;  n  Utwetn  the  ranges  of  magnitude  and  of  radial 
\rl  rity  variation.  lCcf*hci  has  the  maxima  of  ranges,  0.88  in 
^  a4'i!ti:(!e  and  40**  in  velocity.  Polaris  has  the  minima  of 
rar^cs.  o  ij  in  magnitude  and  6*"  in  velocity.  The  others 
:T:^■^i^iMr  tnin  alxnit  a  half  to  a  whole  magnitude  and  from 
ly  u>  5"'''-  The  relation  is  roughly  linear,  expressed  by  the 
n^uati  in  2K  =  47 -^-'^ 9  in  which  A'  is  the  semi-amplitude  of  the 
raital  vt!- city  cur\'e  and  ./  the  range  of  magnitude.  To  a 
^anati  »n  **i  one  magnitude  corresponds  a  range  of  radial 
%eL<it\   *f  alxuit  47*".     A  plot  shows  the  obser\'ati*^ns  {n  fnl' 

•  f^,"-  .'i    u-  ;i  »,  180. 

«•    N  J*  An,  i  t.n     IMI.    1  -i 
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more  or  less  along  a  straight  line  through  the  origin  inclined 
about  30°  to  the  axis  of  magnitudes. 

Ludendorff's  conclusion  is  that  the  relation  is  not  definitely 
proved,  but  that  if  proved  in  the  future,  it  will  be  possible  to 
compute  the  spectroscopic  orbit  from  the  light  curve ;  and  also 
that  one  can  scarcely  avoid  the  impression  that  the  spectral 
line  shifts  are  due  to  some  other  cause  than  radial  velocity. 

The  latter  part  of  this  conclusion,  however,  may  be  quite 
unnecessary;  for,  if  the  above  relation  between  amplitude  of 
oscillation  and  range  of  magnitude  actually  exists,  it  may  be  a 
function  of  the  inclination  of  the  orbit  plane.  It  is  well  known 
that  the  greatest  brightness  of  Ccpheid  variables  occurs  during 
the  interval  in  which  the  body  is  supposed  to  be  approaching 
the  Sun.  If  the  increase  of  brightness  is  due  to  a  greater 
amount  of  light  emitted  by  the  advancing  hemisphere,  then  the 
amount  of  variation  of  brightness  visible  from  the  solar  system 
depends  upon  the  inclination  of  the  orbit  plane  to  the  line  of 
sight.  The  variation  of  both  magnitude  and  radial  velocity 
would  be  zero  if  the  orbit  plane  is  perpendicular  to  the  line  of 
sight  and  greatest  if  the  orbit  plane  passes  through  the  line 
of  sight.  If,  then,  Duncan's  theory^  be  true,  the  relation  just 
discovered  is  really  a  relation  between  the  range  of  magnitude 
and  the  inclination  of  the  orbit  plane,  so  that  the  latter  may 
perhaps  be  determinable  from  the  former. 

G.  F.  Paddock. 


'  Lick  Observatory  Bulletin,  V.   87. 


GENERAL  NOTES. 


The  minutes  of  the  fifteenth  meeting  of  the  Astronomical  and 
A^n»phy^ical  Society  of  America,  held  at  Cleveland,  Decem- 
ber 31,  lyiJ,  to  January  2,  191 3,  are  printed  in  Science  for 
Apnl  25,  1913.  Abstracts  are  given  of  the  thirty-six  papers 
n^ii  at  the  meeting. 


Two  tm|K>rtant  papers  dealing  with  the  distribution  of  stars 
in  sjiace  were  read  by  Messrs.  Dyson  and  Eddington  at  the 
nxrtmg  of  the  Royal  Astronomical  Society  of  London,  held 
<m  March  14,  1913.  Mr.  Dyson's  paper  treated  the  stars  in 
I.  \tRiNGToN's  circumpolar  catalogue,  Mr.  Eddington's  the 
br:^'ht  stars.  Abstracts  of  these  i>apers  will  be  given  in  our 
next  number. 


The  Obscnxitory  reports  that  the  transfer  of  the  Solar  Phys- 
>:>  Observatory  to  Cambridge  University  took  place  on  April 
I,  I913.  The  staff  is  constituted  as  follows:  Director,  H.  K. 
Ntw.U-L;  assistant  director,  F.  J.  M.  Stratton;  observer  in 
nolo  .p  >I<  »gical  physics,  C.T.R.  Wilson  ;  senior  observers,  F.  E. 
iiv.\\M»ALL  and  C.  P.  Butler;  junior  observers,  \V.  E.  Rol- 
t:   N  and  \V.  Moss. 


N-<r.e  idea  of  the  important  work  being  done  by  the  Royal 
A-tP-nomical  Society  of  Canada  in  promoting  a  general  inter- 
cut :n  the  science  may  be  gained  from  the  account  of  the  annual 
'  cetmu  printed  in  the  Januar>'-February,  191 3,  number  of  the 
j\arf,a*  of  the  society.  The  society  has  421  active  members 
:;>tril>ute<l  among  seven  centers.  At  each  center  regular  meet- 
:r^s  have  been  held,  var>'ing  in  number  from  twenty-one  at 
T-ri*nio  to  six  or  seven  at  some  of  the  smaller  centers.  Some 
■  f  ihc>«  meetings — particularly  at  Ottawa — are  devoted  to  the 
;  rcstti ration  and  discussion  of  technical  papers,  the  others  to 
the  presentation  of  more  popular  accounts  of  recent  progress 
:n  a*>trnn<>my  and  related  sciences,  not  only  by  active  members 
f  the  society,  but  also  by  visiting  scientific  men. 
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Director  Fritz  Cohn,  of  the  Kgl.  Astron.  Rechen-Institut, 
Berlin,  has  issued  a  circular  letter  proposing  a  plan  for  co- 
operation in  the  systematic  observation  of  the  minor  planets. 
A  complete  translation  of  the  letter  is  printed  in  Popular 
Astronomy  for  May,  1913.  For  the  observation  of  the  known 
asteroids,  it  is  suggested  that  the  existing  organization  of 
photographic  observers,  now  including  five  stations,  be  en- 
larged, and  that  the  visual  observers  also  organize  and  dis- 
tribute among  them  the  various  objects,  with  the  aid  of  the 
central  station  (the  Rechen-Institut)  in  such  a  manner  as  to  in- 
sure the  adequate  observation  of  each  object,  while  preventing 
unnecessary  duplication  of  measures.  In  general  two  or  three 
measures  of  a  known  asteroid  suffice  to  provide  the  data  needed 
for  orbit  correction. 

The  newly  discovered  planets  require  somewhat  more  atten- 
tion. They  are  usually  discovered  by  photography  and,  in 
general,  will  be  faint  objects.  Discovery  should  be  promptly 
announced  and  the  announcement  sent  by  the  central  station 
to  the  visual  observers ;  or,  when  feasible,  by  the  discoverer  to 
some  visual  observer  direct  (M.  Wolf  now  sends  such  an- 
nouncements to  MM.  Palisa  and  Javelle).  Five  or  six  ac- 
curate visual  observations  distributed  over  a  period  of  from 
six  to  eight  weeks  are  needed  as  the  basis  for  a  good  orbit. 

The  Rechen-Institut  is  prepared  to  act  as  a  central  station 
and  to  give  all  possible  assistance  by  furnishing  lists  of  planets 
in  need  of  observation  and  ephemerides  when  desirable,  and 
by  computing  necessary  orbits. 

It  is  to  be  hoped  that  the  proposition  can  be  put  into  execu- 
tion, for  at  the  preset  time  some  asteroids  are  observed  more 
often  than  necessary,  while  many  others  are  neglected,  and 
some,  through  neglect,  are  lost. 


It  is  with  regret  that  we  record  the  death,  early  in  April  of 
this  year  of  F.  M.  Ristexpart.  director  of  the  National  Ob- 
servatory, Santiago,  Chile. 


The  following  notes  have  been  taken  from  Science: 
The    National   Academy   of   Scrences   celebrated   the    semi- 
centennial anniversary  of  its  foundation  on  April  22d,  23d,  and 
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ilih,  exactly  fifty  years  after  its  first  meeting.  It  was  a  most 
^ucce^sful  meclinjj.  with  the  largest  attendance  of  members  in 
the  history  of  the  academy.  There  was  no  program  of  tech- 
nicaJ  papers,  but  in  its  place  a  series  of  addresses.  Dr.  Ira 
KtMSEN*.  the  pre>ident  of  the  academy,  at  the  first  session  read 
an  a<idrcss  on  the  hi>lory  of  the  academy,  and  then  introduced 
Pnt^ident  Arthur  T.  Hadley,  of  Yale  University,  who  spoke 
*r.  *  The  Relation  of  Science  to  Higher  Education  in  America.*' 
He  wa>  foIlowe<i  by  Dr.  Arthur  Schuster,  secretary  of  the 
k-  >al  Svitiy  of  London,  who  spoke  on  ''International  Co- 
Ticratinn  in  Rt^carch."  At  the  afternoon  session  Dr.  George 
F  H\iK,  (iircctor  of  tlie  Mount  Wilson  Solar  Observatory, 
;:i\e  an  addrcs<  on  "The  Earth  and  Sun  as  Magnets."  On  the 
V  min^  t>f  the  following  day.  Dr.  J.  C.  Kapteyn,  director  of 
ti.e  .\Ntri»nonucal  laboratory  of  the  University  of  Groningen, 
icave  an  adclrc^s  on  **The  Structure  of  the  Universe.'*  Dr. 
THFxiorm  H.  liovERi,  of  the  University  of  Wiirzburg,  was  to 
hive  ^'jxtken  «»n  **The  Material  Basis  of  Heredity,"  but  was 
□*:Al>;e  to  l>e  i)rcsent  owing  to  ill  health.  The  Watson  medal  for 
A%tr* •mimical  research  was  presented  to  Dr.  J.  C.  Kaptevx. 
lUc  Draper  nic*Ial  for  astrophysical  research  to  the  French  Am- 
la^sador  for  M.  Henri  Dfj^landres,  the  Agassiz  medal  for 
icrangraphical  rc-^carch  to  the  Norwegian  minister  for  Dr. 
J«»H.\v  HjoRT.  and  the  Comstock  prize  of  the  value  of  $1,500 
f  'r  re-^earch  in  radiant  energy,  to  Professor  R.  A.  Millikax, 
of  the  University  of  Chicago. 

The  adjudicator*^  of  the  .\dams  prize  of  the  University  of 
Cambriduc  reiK»rt  that  the  two  essays  submitted  to  them  with 
t'.c  f«»ilowing  titles  are  of  distinction:  *The  Theor\'  of  Radia- 
ti-n,"  b>'  Mr.  S.  H.  McLaren,  and  '*The  Fundamental  S|)ectra 
..f  AstrojjhvNics/*  by  Dr.  J.  W.  Nicholson,  between  whom  the 
;  •^7e  !*•  «Iividcd  in  ctjiial  shares. 

At  a  n>ceting  of  the  electors  to  the  Plumian  professorship  of 
:i-tnTH»my  in  the  University  of  Cambridge,  held  on  April  i(>th. 
^  'r  A.  S  Ei»iHN<.ioN.  chief  assistant  at  the  RoN-al  Obser\'atory. 
<  i'emwich.  was  elected  to  the  professorship,  in  succc'^sion  to 
t-  •  late  Sir  Geor<  e  Dnrwin. 

Mr.  A-  R.  HiNKs,  r.R.s..  chief  assistant  at  the  Cambridge 
'  "'liver^ity  <  )b^crvatory,  has  been  appointed  Gre^^ham  profes<ior 
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of  astronomy,  London,  in  succession  to  the  late  Mr.   S.  A. 
Saunder. 

A  tablet  in  honor  of  Dr.  Samuel  Pierpont  Langley  was 
unveiled  in  the  Smithsonian  Institution  on  May  6th.  Addresses 
were  made  by  Dr.  Alexander  Graham  Bell  and  Dr.  John  A. 
Brashear. 


Minutes  of  the  Meetlngs  of  the  Astronomical  Society 
OF  THE  Pacific,  Held  at  the  Students'  Observa- 
tory, IN  Berkeley,  on  April  ii,  191 3. 

Two  meetings  of  the  society  were  held  on  this  date,  the  first  at  3:00 
p.  M.  and  the  second  at  8  :oo  p.  m.  Both  were  programmed  as  features 
of  the  third  annual  session  of  the  Pacific  Association  of  Scientific  Socie- 
ties, of  which  the  Astronomical  Society  is  a  constituent  member.  The 
annual  sessions  of  the  Pacific  Association  had  been  called  for  the  loth, 
nth  and  12th  days  of  April,  1913. 

The  scientific  program  for  the  Astronomical  Society  was  arranged 
by  Professor  A.  O.  Leuschner,  director  of  the  Students'  Observatory, 
and  to  him  is  due  the  credit  for  a  day  of  unusual  interest  and  pleasure 
to  the  members  and  friends  of  the  society. 

The  afternoon  session  was  called  to  order  at  3  :oo  p.  m.  by  President 
Alex.  G.  McAdie,  and  the  following  papers  were  presented  and  (with 
one  exception)  read  by  their  authors,  the  reading  in  each  case  being 
followed  by  a  general  discussion  by  all  present : — 

"A  Plea  for  More  Amateur  Variable- Star  Observers."  by  Edward 
Gray,  of  Eldridge,  Cal. 

"The  Davidson  Zenith  and  Transit  Telescope,"  by  Oscar  W. 
Lanzendorf. 

"The  Cluster  Variable  RR  Lyrcp"  by  Carl  Clarence  Kiess. 

"Class  B  Stars  Whose  Spectrum  Contain  Bright  Hydrogen  Lines," 
by  Paul  Willard  Merrill  (read  by  Mr.  Einarrsox). 

"The  Visual  Region  of  Spectrum  in  Brighter  Class  A  Stars."  by 
Emma  Phcebe  Waterman. 

At  this  point  in  the  proceedings  the  meeting  adjourned  to  attend  in 
a  body  the  reception  which  had  been  courteously  offered  by  the  Presi- 
dent of  the  University  and  Mrs.  Wheeler  to  all  members  of  the  Pacific 
Association  of  Scientific  Societies.  A  pleasant  half  hour  was  spent  in 
the  presidential  mansion  and  its  hospitality  gratefully  appreciated.  .An 
opportunity,  at  the  same  time,  was  given  to  members  to  meet  the  repre- 
sentatives of  other  societies  attending  the  sessions. 

At  6:30  many  of  the  members  dined  together  at  the  Hotel  Cloyne 
Court,  on  the  Ridge  Road,  and  it  was  noticed  that  the  contemplation  of 
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«>*tiai  thing*.  di<i  not  seriously  interfere  with  their  enjoyment  of  a  very 
•"■  -"jnTul  ami  ctaintily  served  meal. 

A:  8  00  r  M.  the  meeting  was  again  called  to  order  in  the  lecture-room 
( t  the  ct»ver\-atory  and  the  program  of  the  afternoon  was  continued  by 
•**  p-c-^ntatiofi  of  the  following  papers: — 

"A  Double  Star  Survey.**  by  Dr.  Robert  G.  Aitken,  of  Lick  Ob- 
*<r\ait'r>-, 

~\  Compari>on  of  Photographic,  with  Theoretical  Positions  of 
Min<.r  Planets:  {10$)  Artemis,  (115)  Thyra,  (iig)  A Ithfca,  (133) 
I  yrrnr,  1 139)  luetic,  ( 174)  Phadra/'  by  Anna  Rodman  Kidder. 

"The  Orbits  of  the  Minor  Planets  (624)  Hector,  and  (588)  Achil- 
Us  of  the  Trojan  Group,"  By  Stitrla  Einarrson. 

"The  Orbit  of  the  Minor  Planet  ipiiA/r.  (719)  Albert,"  by  Eli 
Stvart  Havkes. 

'*t>n  VON  Zeipel*s  Theory  of  the  Perturbations  of  the  Hecuba 
r.r^^p  of  Minor  Planets,**  By  Anna  Estelle  Glancy. 

\\  fh  the  exception  of  the  paper  by  Dr.  Gray  at  the  afternoon  session 
in-i  that  of  Dr.  Aitken  in  the  evening,  it  is  of  special  interest  to  note 
•^.at  all  of  the  foregoing  papers  were  prepared  by  students  or  fellows  in 
tV  A'^tronomical  Department  of  the  University  of  California.  It  was 
*^r  <'njfinal  intention  of  Professor  Leuschner  to  occupy  most  of  the 
*•— .r  at  the  evening  se^Mon  with  a  lecture  of  his  own  on  "The  Work  of  a 
5**'ifr***  Ob^r\at()ry,'*  but,  finding  that  time  was  not  sufficient,  he 
ftTHftri^ly  gave  way  to  his  brilliant  pupils.  The  exposition  was  one  to 
•-ir  a  teacher'*  pride,  and  Professor  Leuschner  did  not  fail  to  recognize 
r»  m  a  few  words  of  personal  commendation  for  each  student,  which 
"■■:*t  h-.\e  warmed  the  cockles  of  their  hearts. 

TVr  lectire  on  "The  Work  of  a  Students*  Obser\-atory,**  which  was  to 
V.i.e  \<^r.  gi\cn  in  commemoration  of  the  twenty-fifth  anniversary  of  the 
-•  ■•  *-*hmrTU  i'f  the  Students*  Observatory  in  Berkeley,  is  promised  by 
?"  •".  ,-i^.r  Lii  MHMR  for  a  later  date.  It  was  frankly  conceded,  how- 
*-  rr.  ^p-th  by  Profe-^sor  Lei'schner  and  all  present,  that  the  work  of  a 
•f  J'rt-**  <>hNer\ator>-  spoke  for  itself  in  the  fine  work  of  the  yoiiuR  men 
!'•!  m.  mrn  Kihit<;e  papers  had  been  read  during  the  day. 

\-r.ing  tht»*e  present  at  these  meetings  were:  Dr.  W.  \V.  Campbell, 
*'-*^-t.r  of  the  Lick  Obser\'atory :  Dr.  S.  D.  Townlkv,  of  Stanford; 
<  •iv»i«'^  Bi»<  KH.^LTFR,  director  of  Chabot  Observatory:  Professor 
R  T  Ct^wfoiin.  of  the  Students*  Observator>' ;  Mr.  Charlfs  S.  CrsH- 
:n  .  Mr  F  V  CimMSH.  Profes<y>r  George  C.  Edwards,  and  many  others. 

M'f-ijethrr  the  rnrcasion  was  a  notable  one  in  the  history  of  the  society 
-•  I  m   *t  stimulating  to  those  who  take  an  interest  in  astronomy. 

D.  S.  Richardson, 
Secretary. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors  of 

THE  Astronomical  Society  of  the  Pacific,  Held 

AT  Students*  Observatory,  Berkeley,  on 

April  ii,  1913,  at  7:30  p.  m. 

President  McAdie  in  the  chair.  Other  Directors  present  were  Aitken. 
TowNLEY,  Crawford,  Gushing.  Markwart,  Cornish  and  Richardson. 

The  minutes  of  the  last  meeting,  as  printed  in  the  Publications,  were 
approved. 

Application  for  life  membership  in  the  society  was  received  from  Mr. 
James  D.  Maddrill  and  favorably  acted  upon  by  unanimous  vote. 

The  following  report  of  the  Finance  Committee  was  received  and 
approved. 

San   Francisco,   Cal.,   February  7,   1913- 
The  President  and  Board  of  Directors,  Astronomical  Society  of  the  Pacific. 

Gentlemen:  Pursuant  to  a  resolution  of  your  Board,  passed  at  the  meeting  of 
January  25th,  191 3,  authorizing  the  Finance  Committee,  in  conjunction  with  the 
President,  to  invest  two  or  three  thousand  dollars  of  the  banked  funds  of  the 
society  in  interest-bearing  bonds  of  proved  security,  your  committee  begs  to  report 
as  follows: — 

Under  date  of  February  4th,  191 3.  it  purchased,  through  the  house  of  Rollins  & 
Sons,  of  this  city,  three  General  Mortgage  Gold  Bonds  of  the  Los  Angeles  Gas 
&  Electric  Company,  numbered  respectively  712,  713  and  714.  These  bonds,  which 
are  of  the  par  value  of  $1000.00,  bear  interest  at  5%,  payable  on  the  first  days  of 
January  and  July  and  mature  on  July  ist,  I934- 

The  price  paid  was  $996.25  per  bond  which,  with  accrued  interest  up  to  and 
including  February  4th,  and  commissions  to  brokers,  gave  a  bill  of  $3,012.50,  as 
follows: — 

3  bonds  (»  $996.23 $2988.75 

Interest  to  Feb.  4th 1 6.25 

Commissions    7-  50 

$3012.50 

The  bonds  have  been  apportioned  among  the  various  funds  as  follows: — 

Bond  No.  712  to  Life  Membership  Fund. 

One  half  of  Bond  No.  713  to  the  William  Alvord  Fund. 

One  half  of  Bond  No.  713  to  the  John  Dolbeer  Fund. 

One  half  of  Bond  No.  714  to  the  Library  Fund. 

One  half  of  Bond  No.  714  to  the  Bruce  Medal  Fund. 

Your  committee  begs  to  further  report  that  it  has  secured,  through  the  firm  of 
Rollins  &  Sons,  the  following  statement  showing  the  present  market  values  of 
bonds  held  by  the  society: — 

Two  Oakland  Transit  Cons,  5s.  due  July  i.   1932   $  2,040.00 

Two  So.  Pac.  Coast  Ry.  ist  Mtg.  4s,  due  July  i,  1937 1.840.00 

Three  Sunset  T.  &  T.  Cons.  5s.  due  October  i.  1929 3,120.00 

Three  C.  C.  Water  Co.   ist  Mtg.  5s.  due  July  i.  1915 2.985.00 

Two  Edison  Elec.  Co.  of  L.  A.  5s,  due  Sept.  1,  1932 2.040.00 

Two  Bay  Cos.  Pow.  Co.  5s,  due  Sept.  1,  1933 2.030.00 


Total $14,055. 
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'*  -9  <  '*■*  M  the  •bi>v«  Dcntkmcd  •ecaritiei  to  th€  focicty  wa»  as  follow*. — 

"  •  ft  *  aakUxul   Traatiu   $  3,080.00 

T  ■«•   S-    P»e.  ('o««t  Ry j.ooo.oo 

T>-r»    >an«rt  T    AT 3,35^.06 

'»"«**  t     t'    Water  Ca   3.106.50 

*•      F'*.o  E)ee    Cti.   1.954-44 

T  •  *   Rat  1  •»*    Power  Co 2.035.00 

T««tal $14,418.00 

I*  V  !  he  aeen  that  if  tbeae  bonds  arc  bcld  by  us  until  maturity  the  original 
f«-Biv«*  paid  by  tbe  society  will  be  wiped  out  and  a  future  deficit  must  result 
^  -«-;<  -«  tbe  schedule  of  Rollins  k  S<tns  as  correct,  the  present  depreciation  is 
«•   *        «»     • 

•  •-    *  '•«.-!'  d  Transits   $  40.00 

•-    >*jn*rts    133.00 

•»-   <      C    Water  Co    131.50 

Tt*tal $^93'50 

It  «<"  V  fH>ttcrfl  that  the  depreciation  in  the  bonds  of  the  South  Pacific  Coast 
Kv  M  iMrt  coasitlered  here  because  the  society  purchased  them  at  par.  In  the  case 
«<  tW  Fdiaoa  Electric  Co.'s  bonds  and  tlioae  of  the  Bay  Counties  Power  Co.,  both 
«i  wkirh.  accordinc  to  the  Rollins  schedule,  have  appreciated  in  value  since  pur- 
c^A«r'.  bv  the  society,  the  former  were  secured  at  a  little  less  than  par  and  the 
^'^r  at  a  httle  oxrr. 

Ifc  ith  a  vH-w  to  meet  this  situation  fradnally  and  avoid  any  embarrassment  to  the 
*c.-  -ants  uf  the  society  which  might  arise  from  any  of  tbe  bonds  beinc  called  in, 
rr  which  oncht  result  if  they  were  all  permitted  to  mature  before  charring  off 
«%«  f'f-K.mm«.  the  Treasurer  has  been  instructed  to  accept  the  valuations  as  given 
^«  H.'^fs  h  S^ms  and  to  charge  off  on  his  accounts  for  the  current  fiscal  year 
♦"■*  per  cent  of  the  recogniied  depreciation  on  the  Oakland,  Sunset  and  C.  C 
W*?«^  Co '•  bunds.  Respectfully  submitted, 

Chas.  S.  Cl'shinc. 
A.  If.  Makkwaet, 
Finance  Committee. 

'i**'re  l>emg  no  other  business,  the  meeting  adjourned. 

D.  S.  Richardson, 
Secrrtary. 
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THE  PRESENT  STATUS  OF  THE  PROBLEM  OF 
STELLAR  EVOLUTION. 


By  E.  Phcebe  Waterman. 


Stellar  evolution — the  order  of  development  of  worlds  so 
'•^tiue  and  so  remote  that  the  mind  fails  utterly  to  realize  their 
^lKTKn^ions.  the  laws  of  a  progress  so  slow  as  to  be  beyond 
•ictcction  in  any  individual  case — this  is  one  of  the  problems 
which  astronomy  has  set  itself  to  solve.  And  the  attempt  is 
ni<  ^1  audacious,  nor  the  solution  so  impossible,  as  might  at 
first  appear.  Many  lines  of  research  once  seemingly  unrelated 
ami  iiKiependent  are  now  seen  to  be  convergent,  some  have 
already  niergc<l.  Attempts  at  correlation  have  become  in- 
creasingly numerous  of  late  and  are  passing  from  the  realm  of 
ciinitcture  into  that  of  reality.  Such,  for  instance,  is  the  close 
rriati<  nship  of  spectral  class  with  color  index,  and  with  radial 
%  ell  city. 

The  advance  upon  the  problem  has  been  rapid  enough  in  the 
jist  few  years  that  it  is  not  unprofitable  to  assemble  the  facts 
n*iw  at  hand,  take  note  of  the  position  already  reached,  and 
an|utre  as  to  the  outlook.  What  are  the  points  of  attack? 
What  data  have  we  upon  which  to  base  a  discussion  of  the 
*^oesti<m?  In  this  connection,  we  find  the  following  investiga- 
ij*<i$  in  progress,  or  completed  at  the  present  time:  the  classi- 
feation  of  the  spectra  of  the  stars;  the  origin  and  sequence 
••f  the  spectral  lines  of  these  classes;  the  variation  in  wave- 
ItTi^  of  certain  lines  with  change  in  class ;  color  index,  or  the 
«iiffercnce  between  the  visual  and  photographic  magnitudes  of 
<ar*  ;  stellar  temperatures  and  intrinsic  brightness ;  proper  mo- 
r  •  Tis.  parallaxes,  and  absolute  magnitudes ;  radial  velocities ; 
*:<ctni<c<>pic  binar>'  systems;  star  drifts. 
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In  the  spectra  of  the  stars  we  have,  obviously,  a  means  of 
determining  differences  among  them.  Could  we  obtain  spectra 
of  high  enough  dispersion,  and  could  we  interpret  the  phenom- 
ena we  find^  there  is  little  which  we  could  not  read  off,  from 
its  spectrum,  of  the  constitution  of  a  star  and  of  the  conditions 
prevailing  in  its  atmosphere.  A  thorough-going  classification 
of  stellar  spectra  is  accordingly  one  of  the  first  points  of  attack 
in  the  problem. 

The  great  majority  of  stellar  spectra  fall  into  four  well- 
marked  groups,  first  defined  by  Secchi,^  well-marked  as  to 
their  general  characteristics  but  forming  a  sequence  by  the 
blending  of  one  group  imperceptibly  into  the  next — except  in 
the  case  of  Type  IV,  between  which  and  Type  III  the  tran- 
sition is  not  so  evident.  We  have  first  the  spectra  of  the  sim- 
plest type,  with  a  continuous  spectrum  marked  by  absorption 
lines  of  hydrogen  only,  or  of  hydrogen  and  helium.  These 
merge,  through  the  gradual  increase  in  strength  of  the  metal 
lines,  into  spectra  of  Type  II,  wherein  the  metals  predom- 
inate. These  in  turn  give  way  to  bands  or  flutings  indicative 
of  chemical  combination  among  the  elements  of  the  stellar 
atmosphere.  Two  sorts  of  flutings  appear,  differing  in  source, 
and  marking  Types  III  and  IV.  Aside  from  these  spectra,  we 
have  a  fifth  type,  suggested  by  Pickering — spectra  in  which 
the  continuous  background  is  marked  by  broad  and  faint 
bright  bands,  most  of  which  coincide  with  the  lines  of  hydrogen 
and  helium.  We  have  also  the  spectra  of  nebulae,  of  which 
but  little  is  known  as  yet,  and  the  spectra  of  the  Wolf-Rayet 
stars  marked  by  both  bright  and  dark  lines.  Recent  classifica- 
tions, notably  those  of  Harvard^  and  of  Lockyer,'  are  more  de- 
tailed and  inclusive  than  Secchi*s.  They  do  not,  however,  run 
counter  to  it,  nor  to  one  another  in  the  matter  of  group 
boundaries;  but  they  do  differ  as  to  the  order  in  which  these 
groups  shall  follow  one  another,  as,  whether  the  helium  stars 
( Harvard  B)  shall  fall  near  the  beginning  or  near  the  middle 
of  the  evolution  curve.  The  question  here  becomes  co-extensive 
with  that  of  evolution  itself,  and,  in  discussing  it  further,  we 
need  the  data  supplied  by  the  other  lines  of  research. 


'  Outline  given,   Vorwc.   "General  Astronomy." 

^  Hanard  Annals.  28  (II).  135,  1901. 

*  Philosophical  Transactions,  184  (A),  675,  1892. 


.istronomical  Society  of  the  Pacific.  191 

I-ahf>rator>'   research   gives   us   much   valuable   information 
a^  to  the  origin  of  the  spectral  lines  marking  these  classes  and 
tr*  interpretation  of  the  differences  in  behaviour  to  be  ob- 
^r\-r<i  annrng  them.    As  our  knowledge  of  the  laboratory  con- 
•  .::m41s  priKlucing  these  differences  grow,  we  can  proceed  to  a 
tmtatn^  >tatement  as  to  the  .conditions  which  prevail  in  stellar 
iV'Hr^pheres.     Take,  for  example,  the  nature  of  the  enhanced 
'■ne,  arnJ  the  conditions  of  temperature,  pressure,  and  elec- 
•noil  intensity  governing  its  appearance.     What  is  the  en- 
^ancrii  line,  and  what  does  its  presence  in  a  spectrum  imply? 
\*  IN  w«ll  known,  the  spectrum  of  an  element  as  seen  in  the 
f'cctnc  s}kark  differs  considerably  from  that  obtained  in  the 
jrc.  Nrth  in  the  wave-lengths  of  the  lines  present  and  in  their 
rilitive  intensities.    The  difference  may  be  stated  as  follows:' 
'^;r«t>»»'<  we  photograph  the  spectrum  of,  say,  the  titanium  arc. 
>;:;•[■  »^  next,  we  photograph  the  same  region  of  the  spark 
^;cctruin,  giving  it  such  an  exposure  that  most  of  the  lines 
»:*.!  l»c  e<]ual  in  intensity  to  the  lines  in  the  arc  sjMXtrogram. 
t  ■  nuarisim  of  the  two  plates  will  show  that  in  the  spark  spec- 
trin there  are  strong  lines  present  which  are  very  faint  or 
Hiniinj;  altogether  in  the  arc  spectrum.     Such  lines  as  are 
rr'itivciy  strengthened  in  the  spark  spectrum  are  called  *'en- 
h^nceil"   lines.     The   presence  of  the   enhanced   lines  of  the 
-:etai''  in  a  star's  spectrum  indicates  that  the  conditions  pre- 
%a:Img   in   the  stellar  atmosphere  differ  in  certain  essentials 
f'-Tn  ih<>?<  prevailing  in  other  stars  whose  spectra  show,  not 
•'.e  cnhancetl.  but  the  arc,  lines  of  these  metals.     What  the 
r-scntials  are,  we  are  coming  to  know  more  and  more  definitely. 
That  enhanced  lines  are  perhaps  dependent  slightly  upon 
tmjjerature,  and  to  a  much  greater  extent  upon  electrical  con- 
;:tifin'».  has  been  shown  by  King*  in  his  experiments  with  a 
:'■  :n-«a]Ie<l   electric    furnace.     Again,   the   shift   of  enhanced 
''•^'^  rebiively  to  arc  lines  has  been  investigated  by  Gale  and 
Vi  %>is/      Particularly  significant,  along  a  different  line  of 
!-ihiirati>r>*  research,  is  Fowler's  success  in  obtaining  a  new 

Inigm  series*   (at  least  one  line  of  which  is  one  hitherto 

*/     *   if*^tm^0ry  BmtUUm,  IX. 

*  4.'r.r*T«««/  Jfimrmmt.  IT»   119.   I9I3' 
■  4  0'rg  fMfsumi  Jfimrmmi.  Siw  10,   191^. 

*  Utmskif  .S«t%*et  R^ymi  Astromcmical  Society,  7B»  6j.   191'. 
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unidentified  line  in  stellar  spectra),  as  being  another  step 
forward  in  the  task  of  reproducing  in  the  laboratory  the  con- 
ditions existing  in  the  stars. 

The  thorough  study  of  solar  conditions  now  in  progress  at 
many  stations  is  illuminating  in  the  application  of  its  results  to 
stellar  spectra.  In  the  chromosphere  are  found  the  lines  char- 
acteristic of  stars  from  Classes  B  to  F,  helium,  hydrogen  and 
the  enhanced  lines  of  the  metals.^  In  the  spectrum  of  sun- 
spots,  on  the  other  hand,  is  found  a  close  analogy  to  stellar 
spectra  of  Class  K^.  The  possibilities  here  suggested  for  the 
interpretation  of  stellar  conditions  from  the  detailed  study  of 
these  spectra  on  the  large  scale  which  is  now  possible  is 
enormous. 

Closely  allied  to  these  investigations  is  the  variation  in  the 
wave-lengths  of  many  stellar  lines,  detected  by  Albrecht.' 
Great  numbers  of  stellar  lines,  on  the  scale  usually  employed, 
are  in  reality  blends  of  two  or  more  components.  These  com- 
ponents differ  from  one  another  in  source,  intensity  and  char- 
acter, and  with  changing  conditions  in  the  stars  they  naturally 
change  differently,  possibly  even  in  opposite  directions  and  to 
the  extent  that  one  shall  almost  disappear  while  another  in- 
creases greatly  in  intensity.  The  effect  upon  the  apparent 
stellar  line  is  to  shift  its  center  in  the  direction  of  the  strength- 
ening component.  The  shift  is  measurable,  and  evidently 
furnishes  another  criterion  whereby  we  may  judge  of  the  con- 
ditions prevailing  in  each  star.  Curves  obtained  by  platting 
wave-length  against  spectral  type,  on  the  assumption  that  the 
intervals  F  to  G,  G  to  K,  K  to  M,  are  equal,  check  the  value 
of  these  intervals,  and  justify  the  assumption.  Again,  "com- 
parison with  sun-spot  lines  indicate  strongly  that  physical 
conditions  as  we  pass  from  F  to  the  M  type  vary  roughly  in 
the  same  direction  as  from  the  Sun  to  sun-spots."  We  shall 
refer  to  this  again. 

Parkhurst  and  Jordan*  have  followed  up  a  different  line 
of  attack,  opened  by  Pickering  in  the  Harvard  Photometry,' 
through  their  investigations,  by  photographic  methods,  of  the 

»  Lick  Observatory  Bulletin,  Thesis.  P.  W.  Merrill  and  E.  P.  Waterman. 

*  Astrophysical  Journal,  80^  86,  1909;  24,  69,  1906. 

*  Astrophysical  Journal,  24*  333,  1906;  88»  130,  1911. 

*  Astrophysical  Journal,  27,  169,  1908;  1MI»  169.  1912. 
•See,  Lick  Obserxatory  Bulletin,  6*  125,  1910. 
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ii^ual  amd  photof^phic  magnitudes  of  stars.  By  means  of 
\  -atcs  «4rn<itized  for  the  visual  rays,  and  with  the  exercise  of 
pn-ptr  precautions,  they  arrive  at  visual  magnitudes  which, 
"ocnpare<l  with  visual  and  photographic  magnitudes  found  at 
Harvard.  Potsdam,  and  Greenwich,  show  systematic  diflfer- 
cTKr<,  but  a  reasonable  degree  of  agreement."  The  two  series, 
uken  <ine  upon  red-sensitive  and  the  other  upon  ordinary  plates, 
mmi^  "a  practically  simultaneous  determination  of  visual  and 
;K«*t«ii^raphic  magnitudes  free  from  most  of  the  uncertainties 
.  I  visual  methods."  Nforeover,  "definite  color  intensities  (i.  e., 
the  <iiffcrcnce  between  visual  and  photographic  magnitudes), 
V  rrrN|Kmd  in  general  to  definite  spectral  types.  While  this 
•ray  i»r  may  not  give  us  much  information  as  to  stellar  condi- 
r--*!'.  in  >pecific  cases,  it  does  furnish  "a  possible  method  of 
t'rtcrmining  the  spectrum  of  stars  too  faint  for  the  ordinary 
trle*o*pe."  It  offers  also  an  independent  check  upon  the  values 
.  !  the  ^'pacing  of  the  Harvard  classes,  with  which  the  color 
•ntensitie^  are  compared. 

The  ijuotion  of  stellar  temperatures  is  another  fairly  new 

kn-!  premising  line  of  investigation.     Wilsing,'  Hepperger,' 

N-*i»\i  \NN.*  and   Rosenberg*  have  each  published  a  series 

'  :  temperature'^  for  the  stars  relative  to  that  of  the  Sun.  These 

•Icterminatitms  are  not  yet  as  satisfactorily  established  as  is 

•ir^irahle.  but  they  are  in  fair  agreement  among  themselves. 

ir  ;    in   entire   harmony   with   the   sequence   of   temperatures 

■<ri\rd  by  .-\ii\Ms  from  the  comparison  of  stellar  and  sun-spot 

-;<ctra,  by    Albreciit,   and   by    Lockver    from   the   relative 

**rmjith  <»f  enhanced  and  arc  lines  in  stellar  spectra.     The 

i*-4ute  temperatures  derived  have  been  based  in  each  case 

-y-  ^  measures  made  with  a  photometer  or  from  the  spectrum. 

f  the  clifference  in  the  intensities  of  the  red,  yellow  and  blue 

'^hx  cinitletl  by  the  stars.     From  these  differences,  expressed 

-I  nu>:nitudes  and  reduced  to  the  Sun  as  standard,  are  de- 

".\td  temperatures  relative  to  that  of  the  Sun.     Nordmann 

^-  c-^  farther,  and  investigates  the  intrinsic  brightness  of  these 

-tar^.  deriving  an  up|)er  limit  for  the  value  of  the  absorption 

-f    ",f    .*  .«/    K^mrmaJ.  aS*   Ijo.    1910. 
*».       »    ti    S'fr.  Hrr.,  tlB^  ja,  107.  1909. 
*^      MB*  %(7.   tcj^.  1909;    tS/^  669.  1910. 
•   'f.    «.<»■•.  ;.r  \athruhten.  IM»  358.   1913. 
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of  radiation  in  their  atmospheres  from  that  of  the  absorption 
in  the  solar  atmosphere.  Another  method  of  finding  the  den- 
sity of  stellar  atmosphere  has  been  applied  by  .-Vdams^  to 
some  of  the  brightest  stars.  It  is  based  upon  the  difference 
already  referred  to,  in  the  shift  under  pressure  of  arc  and 
enhanced  lines,  a  definite  relative  shift  corresponding  roughly 
to  a  definite  pressure.  Through  measures  of  spectra  of  un- 
usually high  dispersion,  it  was  possible  to  detect  a  difference 
in  shift  between  the  two  sets  of  lines,  upon  which  to  base  an 
estimate  of  the  pressures  prevailing  in  the  atmospheres  of  these 
stars.  A  comparison  of  results  from  the  two  methods  is 
unfortunately  impossible  since  the  same  stars  wxre  not  used 
in  the  two  investigations. 

The  outlook  in  the  field  of  parallaxes  and  absolute  mag^- 
nitudes  is  not  so  promising.  The  direct  determination  of  par- 
allax is  beyond  the  limits  of  our  instruments  at  present,  except 
in  the  case  of  a  comparatively  small  number  of  stars,  and 
the  data  here  is  meager.  From  the  absolute  magnitudes  of 
those  stars  whose  parallax  is  known,  the  existence  of  two  great 
divisions  in  the  stars  is  suspected  by  Herzsprung,  one  of  stars 
of  high  and  the  other  of  low  intrinsic  brilliancy,  and  named  by 
him  "giant"  and  "dwarf*  stars.  Too  many  inferences  should 
not  be  drawn  from  these  results  until  they  have  been  confinned 
by  many  more  facts.  A  recent  paper  by  Russell-  gives  an 
optimistic  statement  of  the  outlook,  however. 

The  increase  of  peculiar  radial  velocity  with  advance  in 
type  is  now  well  established  by  the  work  of  Campbell.'  the 
peculiar  radial  velocity  being  the  velocity  after  correction  for 
the  Sun's  motion  through  space  has  been  made.  As  we 
progress  from  Class  B  through  A,  F.  G.,  and  K  to  M.  we  find 
the  average  velocity  for  the  class  increasing  steadily,  from 
ff^^  per  second  for  B  to  17^"^  for  ^f.  Planetary  nebulae  rank 
even  higher,  with  an  average  of  25''"*  (the  results  of  visual 
observations  made  by  Keeler).  The  great  nebula  in  Orion, 
on  the  other  hand,  in  contrast  with  the  planetary  nebulae,  were 
found  to  have  a  (peculiar)  radial  velocity  differing  but  little 
from  zero.     The  character  of  its  spectrum,  together  with  the 


^  Astrophysical  Journal,  83,  64,   tgri. 

^  Proct'i'iinjis  of  the  American  PUiiosophicol  Society,   51,    iqij. 

^  Lick  Observatory  Bulletin,  6,   IJ5,   1910. 
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tici  that   larj;e  nebulous  areas  are  associated  with  stars  of 

*  i^Nscs  ( ).  I>.  and  A.  never  with  Classes  G,  K,  M,  and  X.  con- 
s''-%  the  placing  of  these  unformed  nebulx  at  the  beginning? 

A  the  e\«>huion  scheme.     F^eculiar  radial  velocity  seems  to 
r  cr  a  definite  means  of  fixing  the  place  of  a  star  in  the  scheme 

■  I  c\(>Iution. 

•  >f  a  similar  nature  is  the  relation  of  the  number  of  spectro- 
V'-pc  binaries,  and  their  |)eriod,  to  spectral  class.*  The  per- 
vt-nt.iv;o  «>i  binaries  thus  far  known  among  stars  of  Class  B  is 
:.ir  hit^her  than  for  any  other  class,  and  decreases  steadily  as 
^t  advance  toward  M.  This  preponderance  of  **early  class" 
^"lancs  may,  however,  be  i\\\e  to  their  greater  range  and 
-.1  »ncT  peri^MJs.  Time  will  show  whether  there  be  not  as  many 
i'^-n^  Mars  oi  the  **later  "  classes.  Hence  this  percentage  is 
'f  t  '  I  M»  much  value  in  the  problem  as  is  the  sequence  shown 
:n  the  pcri<Kls  and  eccentricities  between  K  and  M.  At  the 
Nirx-  time,  the  [)ericKl  and  eccentricity  of  orbit  increase  with 
t^:c  l*eri*Hls  of  a  day  or  less  are  confined  to  Classes  W  and 
\ ;  ihix^  of  27  years  and  over  to  F  and  succeeding  classes:  in 
»  -isv  15  but  one  peritxl  longer  than  75  days  has  been  found: 
•I  i  lasses  (i  to  M  nothing  shorter  than  100  days. 

F  'nallx.  we  have  the  evidence,  already  referred  to.  of  the 
i'*^  <ialu>n  of  the  nebulous  regions  with  stars  of  Classes  (),  A. 
i-'l  it.  hut  never  with  those  of  Classes  G,  K.  M.  and  X.  When 
Hr  ^t  "^uch  "early  class'*  stars  either  surrounded  by  nebulosity. 
*^  i*-^  the  Pleiades,  or  close  neighlK>rs  of  an  extende<l  nebulous 
':,:'.  -n,  we  must  feel  that  the  circumstantial  evidence,  at  least. 
:n  Mnmij  that  here  we  have  stars  in  the  making. 

N»  much  for  the  da^a  ui>on  which  to  base  a  theory  of  evolu- 

*  ■  n  We  now  return  to  the  question  of  the  proper  se<|uencc 
:  t*ic  stellar  s|)ectra.    Two  opinions  are  held,  as  has  been  said. 

.^  ti>  the  nnler.    In  the  one.  the  order  of  evolution  is  that  of  a 

■  'i-*ant!y  ccM>ling  b(Kiy, — stars  of  highest  temperature  and 
j'/ate'^t  intrin^-ic  brightness  being  the  earliest  representatives. 
^!*rN  of  relatively  low  temf)eratures  the  latest.     This  order 

*  'rndt-N  with  that  of  the  Har\'ard  classification  and  is  sub- 
%ta"tiatc<i  by  the  evidence  oflFered  by  each  of  the  investigations 
■•:!*mc<I.     ( )n  the  other  hand,  we  have  the  order  represented 
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by  Lockyer's  classification,  in  which  the  classes  are  arranged 
along  a  curve  of  temperature  which  begins  with  stars  of  rela- 
tively low  temperature,  ascends  to  a  maximum  in  the  hydrogen 
stars,  and  descends  once  more  to  low  temperatures.  The 
stars  on  the  ascending  branch  of  the  curve  differ  from  those 
on  the  descending  branch  (Lockver),*  (i)  in  the  greater 
continuous  absorption  in  the  violet  and  ultra-violet,  especially 
at  low  temperatures ;  (2)  in  the  relative  thinness  of  the  hydro- 
gen lines  at  high  temperatures;  (3)  in  the  greater  thickness 
and  intensity  of  the  metal  lines  throughout;  (4)  in  the  rela- 
tively greater  thickness  of  the  lines  of  helium  at  the  tempera- 
tures at  which  they  appear.  The  case  for  this  arrangement 
has  been  put  by  Russell  :- 

"Assuming  a  star  grows  denser  as  it  advances  in  evolution, 
that  it  is  in  equilibrium  under  its  own  gravitation  and  with- 
out sensible  external  disturbance,  that  the  material  in  it  be- 
haves like  the  gases  with  which  we  are  familiar, — it  has  been 
^hown  by  Ritter  and  others  that  such  a  star  will  grow  hotter 
as  it  contracts  until  its  density  reaches  a  critical  value  prob- 
ably between  those  of  air  and  water,  and  nearer  the  latter. 
The  temperature  then  reaches  a  maximum,  and  later  decreases. 
Stars  whose  surface  temperature  has  a  value  less  than  maxi- 
mum will  be  of  two  kinds:  one  early  in  evolution,  of  rising 
temperature,  large  diameter,  and  low  density ;  the  other,  late  in 
evolution,  of  falling  temperature,  small  diameter  and  high 
density.  The  former  will  give  out  many  times  more  light. 
As  contraction  proceeds,  stars  having  angular  motion  will  break 
up  into  pairs,  those  formed  first  having  the  longest  periods. 
The  farther  evolution  proceeds,  the  greater  will  be  the  propor- 
tion of  such  pairs  among  the  whole  number  of  stars.  Periods 
less  than  a  day  or  two  cannot  arise  unless  the  density  is  near 
or  beyond  the  critical  density.  The  proportion  of  these  is 
greatest  for  Type  B,  and  least  for  K  and  M.  Short  periods  are 
confined  to  Types  B  and  A ;  systems  of  great  mass  are  almost 
all  of  Type  B.  The  relation  between  period  and  eclipse- 
duration  in  binaries  of  the  Algol  type  (Types  B  and  A)  show 
that  their  densities  are  close  to  the  critical  density.  The  dis- 
tributions of  proper  motions  among  stars  of  a  given  apparent 


^  Philosophical  Transactions,  184,  (A),  675,  1892. 
^Science,  32,  833,  19J0. 
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l»nuhtncss  and  spectral  type  shows  (  Herzsprung)  that  the 
nnkJcr  stars  from  Ci  on,  fall  into  two  groups— one  remote,  of 
>niall  proper  motion  and  great  luminosity;  the  other  near  us. 
"I  large  proper  motion  and  small  luminosity.  The  stars  of 
the  first  kind,  being  visible  at  great  distances,  form  a  dispro- 
f*-rtumately  large  percentage  of  the  naked-eye  stars — from 
^5  per  cent  for  T>'pe  G,  to  100  per  cent  for  Type  M,  for 
»h;ch  c\-en  the  nearest  of  the  stars  of  the  second  sort  are  in- 
\iMble  to  the  nake<l  eye.*' 

Many  of  the  observed  facts  are  explained  upon  this  hypothe- 
-:^  In  the  peculiar  radial  velocities  of  the  stars  and  their  rela- 
t>n  to  >j)ectral  class  (on  the  basis  either  of  Lockver's  classi- 
rWjtion  or  that  of  Harvard)  are  facts,  however,  which  seem 
a:  variance  with  it.  The  percentage  of  velocities  lower  than 
i:;  rse  of  Class  B  among  stars  of  Gasses  A  to  M  on  the  ascend- 
ing branch  of  the  temperature  curve,  which  is  required  by  the 
*<i^ucnce  observed  for  stars  of  decreasing  temperature,  is  not 
I  .rthcoming.  The  mean  velocity  for  Class  M  should  be  the 
'•■west  observed,  since,  as  Russell  states,  it  is  based  exclusively 
uj-Ki  surs  of  small  proper  motion  and  great  luminosity,  among 
the  earliest  if  not  actually  the  first,  in  point  of  evolution,  on 
the  I-ocKVE*  hypothesis.  The  average,  as  we  have  seen,  is 
thr  highest,  if  we  except  that  of  the  planetary  nebulae. 

<  ►n  the  whole,  then,  the  Harvard  order  seems  at  present  to 
Ijc  the  more  satisfactory.  The  following  table  gives,  in  brief. 
this  «»nler,  together  with  such  of  the  arguments  for  it  as  can 
*c  o  •nveniently  tabulated.    The  headings  are  self-explanator\' : 
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C\9M!i,  Spectrum. 

O      Bright  bands. 

H  and  He  present. 

B      Absorption  lines. 
He  at  maximum. 
H  strong. 
Ca  (K)  and  Mg  present. 

A      Absorption  lines. 
H  at  maximum. 
Ca  (K)  and  Mg  stronger. 
Enhanced  lines  of  metals 
present. 

F      Absorption  lines. 
H  weaker. 
Ca  (K)  stronger. 
Enhanced  lines  strong. 
Arc  lines  present. 

G      Absorption  lines. 

Ca  (H  and  K)  stronger. 
Enhanced  lines  weaker. 
Arc  lines  strong. 

K      Absorption  lines. 

Ca  (H  an  K)  very  strong. 
Enhanced  lines  very  weak. 

M     Absorption  lines. 

Absorption  of  short  wave- 
lengths strong. 

Bands  present,  due  to  chem- 
ical compounds. 

X      Absorption  lines. 

Absorption  of  short  wave- 
lengths strong. 
Bands  present,  due  to  car- 
bon. 


Average 
Velocity. 


\     6.2»'»       I 


io.5»^ 


14.4'' 


Binaries. 

Very  few  visual  bina- 
ries. One  in  three  are 
spectroscopic  binaries, 
with  periods  generally 
short  and  eccentricities 
small. 


Numerous  visual  bina- 
ries. About  one  in  six 
are  spectroscopic  bina- 
ries ;  periods  longer 
than  for  Classes  O  and 
B. 


f 
I 

i5.o>tm    I  Numerous  visual  bina- 

I  ries.    About  one  in  six 

\  are  spectroscopic  bina- 

I  ries;   periods  generally 
long. 


i6.8»^m 


I    Verj'      few       binaries, 
I7.i'««»    ^    either   visual    or    spec- 
I    troscopic. 


r 


■i    Unknown. 

I 
I 
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Socnc  qacstions  remain,  for  which  we  have  as  yet  no  answer 
:•!  snpgcst:  the  position  of  the  bright-line  helium  stars  and 
the  Wolf-Rayet  stars  in  the  line  of  evolution,  the  relation  be- 
tween planetary  nebukc  and  the  novae,  whose  spectra  have 
;b  tnts  of  similarity.  More  fundamental  perhaps  is  the  ques- 
ti'in  (»f  the  meaning  of  the  hazy  lines  in  some  spectra  of  Classes 
\  ami  F.  the  differences,  not  of  the  intensity  of  the  lines  but 
:r.  their  definition,  which  exist  among  the  spectra  of  these 
classes,  and  which  were  recognized  in  one  of  the  earliest 
Han-ard  classifications.  In  the  light  of  the  advance  already 
made,  however,  and  of  the  increase  in  the  number  and  power 
«»i  inir  in^ruments,  we  may  be  confident  as  to  the  final  solu* 
t:  41  of  thi>  problem  of  the  evolution  of  the  stars. 


THE   XrMBER  OF  STARS  IX  THE  UNIVERSE. 


By  R,  H.  Tuckee. 


Many  attempts  have  been  made  to  form  an  estimate  of  the 
number  of  stars  visible  in  our  most  powerful  telescopes,  or 
tt.  be  distinguished  with  the  aid  of  photography;  and  specula- 
ti-  Kx  has  been  rife  as  to  whether  the  universe  may  extend  be- 
xoml  the  limits  at  which  stars  have  been  actually  found  to 
exist.  It  has  been  impossible  to  make  counts  of  more  than 
%tr>  limitetl  areas,  from  which,  by  comparison  and  approxima- 
!:•  n,  the  estimates  may  be  extended  to  larger  areas,  and  to  the 

Hkjlm  hex's  early  set  of  "gauges"  were  counts  of  stars, 
"-ade  in  various  parts  of  the  sky,  with  the  object  of  forming  a 
r«»n|arative  estimate  of  the  "richness"  in  many  directions; 
thij*  illustrating,  possibly,  the  form  and  extent  of  the  universe 
■  f  vis^ible  starN.  One  of  his  recorded  estimates  is  five  and  a 
hilt  niillinn  stars  to  the  fourteenth  magnitude,  in  the  sky.  But 
Mil  \K,  at  about  the  same  epoch,  estimated  twenty  million  of 
T*r  ^me  Frade. 

The  most  common  estimate  has  been  that  fifty  million  would 
**  \Nil)V  in  f»ur  best  mcKlem  telescopes.     In  a  recent  number 
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of  Harper's  Magazine,  Williams  has  given  the  number  as  one 
hundred  million,  with  the  aid  of  photography.  It  is  well 
known  that  the  photographic  plate,  with  long  exposure,  will 
record  stars  much  fainter  than  are  visible  with  the  same  tele- 
scope. Photography  has  probably  given  impressions  of  stars 
that  would  be  ranked  as  twentieth  magnitude,  on  the  adopted 
scale.  The  greater  part  of  the  recently  discovered  asteroids, 
from  twelfth  to  sixteenth  magnitude,  have  been  found  by 
photographing  the  sky  with  comparatively  small  telescopes. 
And  the  latest  known  additions  to  the  planetary  system,  the 
faint  satellites  of  Jupiter  and  Saturn,  were  discovered  by 
photography,  and  are  generally  not  to  be  detected  with  direct 
vision  in  the  most  powerful  telescopes  existing. 

To  illustrate  the  limits  of  vision  of  our  telescopes,  we  may 
start  with  the  sixth  magnitude  as  visible  to  the  naked  eye 
under  usual  conditions,  though  a  well-trained  observer  can 
detect  stars  one  grade  fainter,  under  the  best  conditions.  With 
a  telescope  of  one  inch  objective,  the  ninth  magnitude  may 
be  seen ;  a  lo-inch  objective  should  show  the  fourteenth,  a 
1 6-inch  should  show  the  fifteenth,  and  our  most  powerful 
refractors,  with  nearly  40-inch  objectives,  are  required  to  make 
visible  the  stars  of  seventeenth  magnitude.  The  recently 
equipped  five-foot  reflector  at  Mount  Wilson  should  reach 
nearly  to  the  eighteenth  magnitude,  and  the  projected  100-inch 
reflector,  for  the  same  observatory,  should  extend  the  visible 
limit  close  to  the  nineteenth  magnitude. 

The  limits  of  the  several  parts  of  the  Durelimusterung  have 
been  noted  in  previous  papers  in  these  Publications}  For 
Argelander,  ninth  magnitude  complete,  with  stars  certainly  of 
tenth,  but  apparently  going  down  to  eleventh  magnitude  on 
the  photometric  scale,  the  faintest  that  could  have  been  seen 
with  his  telescope.  Schonfeld  and  Cordoba  could  have 
reached  the  twelfth  magnitude,  and  the  photometric  estimates 
rank  some  of  the  stars  catalogued  as  of  that  grade ;  the  former 
was  planned  to  be  complete  to  nine  and  a  half,  the  latter  to 
tenth  magnitude.  The  measured  images  of  the  Cape  Photo- 
graphic Durchmusterung  give  limits  for  different  regions, 
ranging  from  9.6  to  11  magnitude,  and  it  is  probably  com- 


^  Publications  A.  S.  P.,  No.  147  and  No.  148. 
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j4ctc,  nearly,  to  the  ninth  magnitude.  Its  scale,  founded  upon 
oicnpanson  with  the  magnitudes  of  Gould's  zones,  does  not 
tiitfer  widely  from  the  visual  Durchnmstcrung  scale. 

This  entire  project  for  taking  a  census  of  the  sky,  as  it  might 
be  described,  finally  includes  in  round  numbers  315,000  stars 
r-r  the  northern  portion,  an  average  of  fifteen  to  the  square 
tleirree.  ami  about  775,000  stars  in  the  southern  sky,  an  aver- 
i::e  of  thirty-seven  to  the  square  degree.  The  proportion  of 
ih.*^  enumerated  at  Cordoba,  rising  in  parts  to  above  sixty 
!•>  the  Mjuare  degree,  if  continued  throughout  the  sky,  would 
;:ne  t^o  ami  a  half  million  stars.  These  averages  of  distribu- 
ti'*i  include  the  "Milky  Way,"  in  which  the  density  of  stars  of 
the  fainter  grades  is  twice  as  great  as  the  average  density  of 
t:ic  whole  ^ky. 

It  IS  often  aske<l.  How  many  stars  are  known,  so  as  to  be 
rrci'^izetl  by  astronomers.  Many  of  the  old  observers  were 
^»  tamtliar  with  the  constellations  that  all  the  easily  visible 
nakrtl-e>e  stars  could  be  located,  and  in  a  sense  could  be  named, 
within  their  respective  families.  Some  modem  observers, 
c-  *net  '^eekers  especially,  have  familiarized  themselves  with 
the  cini'^teFlations  in  this  way,  for  the  part  of  the  sky  visible 
iNi^e  the  horizon  at  one  place.  Taken  singly,  only  a  few  very 
b^ijht  ^tars  or  distinctive  colored  or  double  stars  would  have 
bctn  recognize<l.  But  we  have  this  census  of  the  stars  to  the 
ninth  magnitude,  and  to  the  tenth  for  a  part  of  the  sky,  and  it 
o  ^lUl  be  said  that  the  astronomer  with  a  telescope  could  identify 
ir.\  one  of  these  million  stars — it  is  a  common  detail  of  his 
;  ractice  to  make  such  an  identification. 

The  Purchmustcrung  includes  all  of  the  stars,  practically, 
that  can  be  precisely  observed  for  direct  measures  of  position, 
with  modem  meridian  instruments.  For  the  positions  of  the 
tamter  stars  of  this  scheme,  as  well  as  for  positions  of  stars 
:•«»  faint  to  have  been  included,  recource  must  be  had  to  differ- 
ential measurement  with  larger  equatorial  telescopes,  or  to 
the  measurement  differentially  of  photographic  plates  covering 
the  region. 

<>n  the  visual  DurchmHStcrung  has  been  based  the  inter- 
nati<inal  scheme  of  meridian-circle  observations,  in  the  Gescll* 
sckait  Zones,    These  are  now  complete  for  the  northern  sky 
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to  80°,  and  have  been  published  to  18°  south  declination, 
leaving  one  zone  to  be  completed  to  22°  south,  the  limit  of 
Schonfeld's  Durchmusterung,  Some  observations  on  the 
same  plan,  and  extending  below  — 22°,  were  carried  on 
during  the  administration  of  the  late  Dr.  J.  M.  Thome  at 
Cordoba,  based  upon  the  Cordoba  Durchmusterung,  The  fif- 
teen northern  zones  contain  the  meridian-circle  places  of  about 
130,000  stars,  allowing  for  the  overlapping  of  the  margins  of 
the  several  zones,  lo'  or  20'  in  the  individual  parts.  They  were 
planned  to  be  complete  to  the  ninth  magnitude,  and  to  contain 
also  as  many  of  the  fainter  stars  as  possible  that  had  been 
previously  observed  with  the  meridian  circle.  The  visual  scale 
of  Argelander  gives  an  equivalent  of  about  two  hundred 
thousand  stars  of  ninth  magnitude  in  the  whole  sky,  and  the 
tenth  magnitude  should  include  about  three  quarters  of  a  mil- 
lion. The  northern  Gesellschaft  zones  would  appear  to  in- 
clude an  equivalent  of  the  enumeration  to  the  magnitude  9.2 
of  Argelander's  scale,  but  would  not  be  complete  to  any  limif 
below  9.0  of  the  same  scale. 

The  five  southern  zones,  to  — 22°,  allowing  for  the  over- 
lapping margins,  and  estimating  the  unpublished  zone,  should 
contain  about  forty  thousand  stars.  They  would  appear  tc 
include  an  equivalent  of  the  enumeration  to  9.1  of  Argel.v Na- 
der's scale,  which  is  close  to  that  of  Schonfeld  at  this  point. 
Including  Gould's  Zone  Catalogue,  which  gives  positions  of 
73,000  stars  of  less  precision  than  those  of  the  Gesellschaft 
scheme,  there  are  accordingly  above  240,000  stars,  for  which 
fairly  good  meridian-circle  observations  are  available.  The 
test  of  modern  use  of  the  zone  observations  shows  them  to  be 
generally  very  reliable,  and  with  actual  errors  not  larger  than 
had  been  anticipated. 

For  fainter  stars,  the  proposed  chart  of  the  whole  sky  by 
the  international  photographic  scheme  is  to  extend  to  the 
fourteenth  magnitude,  well  within  the  visual  limits  of  the 
13-inch  telescopes  employed  in  the  execution.  The  catalogue 
of  star  positions,  from  shorter  exposures  with  the  same  instru- 
ments, is  to  extend  to  the  eleventh  magnitude  inclusive.  This 
catalogue  has  been  estimated  as  likely  to  contain  two  million 
stars  for  the  whole  skv,  which  would  be  less  than  the  extent 
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of  the  Cordoba  Durchmtisicrung,  were  that  to  be  carried  beyond 
It*  hmits  in  the  southern  sk>\  For  the  charts,  Loewy  orig- 
inally estimated  thirty  million  stars  to  the  fourteenth  mag- 
nirti<ic;  but  the  Greenwich  observers,  after  completing  some 
;ii»nj<m«i  of  their  section  of  the  scheme,  have  arrived  at  an 
Intimate  of  fourteen  million  to  that  grade. 

F«»r  the  estimates  of  the  photometric  scale  reference  may  be 
'-•a^ie  to  the  Attttals  of  Harzard  College  Obsen*atory,  On  page 
17^,  volume  48.  table  XXI  gives  the  estimate  to  the  magnitude 
13  5.  and  there  would  evidently  be  about  nine  million  stars  of 
the  ft^urteenth  magnitude  of  that  scale.  On  the  page  follow- 
t-^v'.  Professor  Pickering  estimates  eighteen  million  to  the 
tirtcxmth  magnitude.  The  photometric  enumeration  is  smaller 
than  the  visual,  beginning  at  the  faint  telescopic  grades.  Thus, 
at  fjo  the  summation  is  about  two  thirds  that  of  Argfxander. 
Tl:c  ttnth  magnitude  includes  about  one  half  the  number 
which  would  result  from  the  extension  of  Argel.\nder*s  scale 
t  .  that  graile.  There  are  less  than  one  million  in  the  estimated 
€V\enth  magnitude,  which  is  half  the  estimate  of  the  photo- 
;:^fjhic  charts. 

Tlu-re  is  a  ver\'  decided  drop  in  the  value  of  the  term  fr,  in 
ihr  f«»rmu!a  which  has  been  used  to  represent  the  summation 

f  the  \'arious  grades  of  stars  on  the  absolute  scale  of  mag- 
rtuik'N  a-^  the  fainter  stars  are  included.  Up  to  the  DurchmiiS- 
tentn^  limits,  the  value  of  b  has  been  found  to  be  nearly  4.  For 
t'-K  fainter  ^tars,  so  far  estimated,  the  value  of  b  soon  falls  to 
t'le  neighbt)rh(KKl  of  2.  The  value  adopted  in  the  photometric 
*::r-!r»atJon  drops  from  3  at  eighth  magnitude  to  about  2  at 
tbirtetmh  magnitude.  It  appears  to  me  that  this  decrease  in 
\hc  relative  numbers  of  the  fainter  stars  is  an  indication  not 

r>\\  <if  the  approach  to  the  limit  of  the  power  of  our  tele- 
>i»."f ic''.  but  may  be  also  an  indication  of  the  limit  of  the  actual 
extent  of  the  stellar  universe. 

In  a  recent  number  of  the  Ohsenatory,  January,  KM  3.  there 
IS  an  estimate  by  D'Esterre,  based  upon  the  count  of  stars 
« n  a  large  number  of  photographic  plates,  which  he  had  ex- 
•»>-cil  for  records  of  variable  stars,  and  of  possible  new  stars. 

Mr  has  the  count  of  the  stars  on  his  plates  to  the  magnitu<le 
••J  it  Am.ki.  nmer.  and  the  count  also  to  12,5,  the  value  of 
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b  in  this  range  of  magnitude  being  2.6.  He  concludes  with 
an  estimate  of  nearly  ten  million  stars  to  the  fifteenth  magni- 
tude, in  the  Milky  Way.  Assuming  the  distribution  in  that  part 
to  be  twice  as  dense  as  the  average  for  the  whole  sky,  and 
that  the  Milky  Way  covers  a  quarter  of  the  sky,  this  esti- 
mate would  give  twenty  million  stars  to  the  fifteenth  mag- 
nitude in  the  whole  sky.  For  the  range  of  magnitude  from  9 
to  15,  the  value  of  b  would  be  2.15. 

From  the  count  of  the  stars  on  the  charts,  which  were  made 
here  with  the  36-inch  telescope,  for  standards  of  magnitude 
of  the  faintest  stars  visible  with  that  instrument,  the  propor- 
tions of  the  various  grades  may  be  used  to  estimate  the  dis- 
tribution in  the  sky.  But  the  area  covered  by  the  charts  is  too 
small  to  give  any  considerable  weight  to  the  results.^  The 
average  of  700  stars  to  the  square  degree,  and  the  relative 
proportion  of  the  brighter  stars  in  the  charts,  would  give  the 
following  estimates  for  the  whole  sky: — 

2  million  stars  to  nth  magnitude  ^  =  2.59 

6        "            "  "  13th            "  2.08 

13        "           "  "  15th            "  1.84 

29        "           "  "  17th            '*  1.65 

The  values  of  b  here  tabulated  would  result  from  the  sum- 
mation at  ninth  magnitude,  compared  with  each  successive, 
grade.  The  estimate,  based  on  this  small  area,  gives  too  large 
a  number  for  the  stars  to  ninth  magnitude,  but  at  eleventh  mag- 
nitude the  estimate  is  close  to  that  of  the  photographic  cata- 
logue. For  the  fainter  grades,  the  estimates  appear  to  be  too 
small. 

It  is  probable  that  the  extent  of  visibility  in  our  largest 
telescopes  would  be  about  one  thousand  stars  to  the  square 
degree,  on  the  average  over  the  whole  sky.  This  is  a  con- 
venient number  to  recall,  and  possibly  is  as  close  an  estimate 
as  we  are  justified  in  making.  It  would  give  about  forty  mil- 
lion stars  down  to  the  seventeenth  magnitude  inclusive.  Photo- 
graphic plates,  with  large  telescopes,  might  reveal  a  proportion 
down  to  twentieth  magnitude  that  would  be  equivalent  to  one 
hundred  million  stars,  which  is  again  an  easy  number  to  fix  in 


'  Publications  A.  S.  P.,  Vol.  VIII,  page  95. 
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r::in«l,  if  that  can  be  considered  as  a  point  in  its  favor.  We 
hare  but  little  basis  to  estimate  the  faintest  grades,  and  it  will 
be  a  long  time  before  our  knowledge  will  be  much  extended  in 
ih:*  direction.  Even  the  count  of  the  stars  in  one  of  the  great 
clusters  has  been  found  to  be  exceedingly  difficult;  by  taking 
:hc  number  in  small,  selected,  representative  portions,  an  esti- 
ruie  of  the  total  number  may  be  made.  Photographs  of  the 
chi«»tcrs  reveal  the  central  part  too  much  blurred  by  the  con- 
tUmsation  of  the  stars  to  permit  of  actual  counts.  We  are 
rather  ctmfiilent  that  greater  telescopic  power  will  not  add  to 
;Se  number  of  stars  visible  in  a  very  much  increased  ratio. 

The  pro|x>rtion  of  stars  to  a  square  degree  gives  us  useful 
r:;nires  in  practice,  for  planning  work  of  research;  and  the 
n^urcs  fn>m  various  authorities  make  a  convenient  test  for 
the  relation  of  the  respective  magnitude  scales.  The  propor- 
\>^  \'aries  considerably  for  diflFerent  parts  of  the  sky,  including 
'-*Tie  con<lensed  regions  outside  the  Milky  Way  and  some 
ixuhly  bare  regions  like  an  area  in  the  constellation  Scorpio, 
which  us^l  to  puzzle  us  when  we  first  observed  the  Durchmus- 
U'ntnt:  of  that  region,  lielow  is  a  tabulation,  formed  from  the 
various  sections  of  our  census  and  condensed  from  extensive 
c  Kinx^  made  for  this  purpose. 

F«»r  Ah;eu\.\der*s  Sorthcrn  Durchmustcrnng,  there  is  an 
rjLact  count  by  tenths,  made  by  Littrow,  and  already  referred 
!•»  in  a  previous  note.  The  article  in  the  Astrophysical  Journal 
i'T  May.  i8<>8,  gives  the  basis  for  the  figures  of  the  first  ten 
•Wurees  of  Cordoba,  to  —  32°.     The  scale  of  Cordoba  below 

—  42'  had  evidently  been  changed,  and  a  special  count  of 
representative  portions  of  the  zone  —  50°  has  been  made, 
to  illustrate  the  character  of  the  change.  Similarly,  counts 
hare  been   made   in   the  zones.  —  12^   of   Schonfei-d,  and 

—  j<>"  of  the  Cape  Photographic  Durchmustcrung,  to  give 
the  figures  of  average  distribution.  For  the  Harvard  Pho- 
t««nctry.  the  figures  have  been  taken  from  table  XXI,  volume 
48,  page  178.  Exact  counts  of  Schonfeld  and  of  the  Cape 
are  available,  for  the  magnitude  9.0. 
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NUMBER    OF    STARS    PER    SQUARE   DEGREE. 


Mag. 

Arg.  N.D.N.   Schon.  — la** 

C6r.  —32° 

Cor. —so"    Cape- 

-360 

H.  Photom. 

7.0 

0.39                0.3 

0.4 

0.6 

0.4 

0.36 

7.5 

0.68                0.6 

0.8 

1.0 

0.7 

0.64 

8.0 

1.23              I.O 

1.5 

1.4 

1.5 

I. II 

8.5 

2.34               1-9 

3.1 

2.4 

2.9 

1.91 

9.0 

4.90                4.65 

6.7 

4.5 

5.85 

3.26 

91 

5.66                 5.5 

7.9 

5.0 

6.8 

9.2 

6.67                 6.4 

9.4 

5.6 

8.6 

9.3 

8.19                 7.6 

10.8 

6.3 

9.3 

9.4 

9.89                 9.0 

12.6 

77           12.0 

9.5 

1527               1 1.3 

15.6 

9.0            12.7 

5.46 

9.6 

12.3 

19.1 

10.6            15.6 

97 

13.3 

23.9 

12.8            16.6 

9.8 

15.5 

29.4 

16.6           20.5 

9.9 

16.0 

34-1 

21.7            21.0 

10.0 

18.I 

55.0 

61.7            24.5 

9.05 

10.5 

31.4 

14.6 

II.O 

23.2 

11.5 

36 

12.0 

54 

12.5 

80 

130 

116 

13.5 

164 

14 

(225> 

15 

(400) 

16 

(600) 

17 

(800) 

The  flexible  nature  of  Argelander's  9.5  is  evident  in  the 
above  table.  It  is  equivalent  to  the  summation  to  9^  of  its 
own  scale,  and  undoubtedly  includes  many  tenth-magnitude 
stars.  This  point  is  often  overlooked  in  the  discussion  of 
Argelander's  magnitudes.  Thus,  in  a  note  by  J,  J.  Plum- 
mer,^  when  discussing  the  light  of  the  stars,  by  including  all 
those  catalogued  by  Argelander  to  9.5,  he  independently 
arrives  at  the  conclusion  that  this  limiting  grade  probably  ex- 
tends  much  below  that  point. 

Schonfeld's  scale  appears  to  be  consistent  throughout,  and 
his  section  may  really  include  most  of  the  tenth-magnitude 
stars.  The  first  two  volumes  of  Cordoba  estimate  about  two 
tenths  brighter  than  Argelander  from  eight  to  nine  and  a  half. 


•  Monthly  Xotices  Royal  Astronomical  Society,  for  June,  1877. 
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ai^l  the  <>.5  of  Cordoba,  which  agrees  in  the  table  with  Argel- 
^Ni^ms  enumeration  at  that  point,  probably  corresponds  to 
**ar*  «nie  quarter  of  a  magnitude  fainter,  on  the  visual  scale. 
The  ten  of  Conloba  is  etjuivalent  to  the  summation  to  ioJ4  of 
It'*  in^n  scale,  or  probably  to  the  10*2  of  the  visual  scale. 

The  change  in  the  scale  of  the  later  volume  of  Cordoba  is 
e\:'ifnt  in  the  table.  There  is  a  lack  in  the  proportion  of  esti- 
rr.aic'^  betwten  ninth  and  tenth  magnitudes,  and  a  great  pre- 
P"  ndcrance  of  the  limiting  grade,  10,  which  will  also  be  evi- 
4kr.t  :n  the  casual  inspection  of  the  pages  of  \'olume  X\TII. 
T\\^  trradc  contains  nearly  three  times  as  many  stars  as  were 
caia!<'};ued  up  to  0.9.  and  fourteen  times  as  many  as  are  in- 
c!i:t'cd  up  to  go.  The  estimates  appear  to  be  about  three  tenths 
faip.ttr  than  tho<e  of  the  two  earlier  volumes,  between  9  and 
^r%.  while  the  actual  limit  extends  but  slightly  farther. 

I  Ik-  jjreat  ricrease  in  the  number  of  the  fainter  grade  had 
Urtn  noticed  ^y  Nkwcomb,  and  was  commented  upon  in  his 
r- te  in  the  Astronomical  Journal,  Xo.  507.  September,  1901. 
It  !^  not  clear,  however,  that  New  comb  appreciated  the  fact 
iSjt  t!ie  ID  of  Cordoba  was  also  a  flexible  grade,  and  was  in- 
ter, ltd  tt>  include  many  stars  estimated  as  fainter  than  tenth 
tra^".itudc. 

Ihj  figures  for  Cape  — 36"^.  which  is  south  of  the  point 
nhi-re  the  photographic  scheme  decidedly  enlarged  its  exten- 
M  1.  show  fair  agreement  with  the  visual  estimates.  Below 
ten:h  magnitude  the  photographic  catalogue  contains  but  few 
^4A"4  i^i  each  grade,  and  the  limiting  grade  evidently  varies 
wi'U'y  in  various  parts. 

The  difference  between  the  photometric  and  the  visual  scale, 
f'T  faint  stars,  is  ver>'  evident  in  the  figures  of  the  table.  The 
ihnerencc  begins  to  be  noticeable  at  the  eighth  magnitude. 
Api.^-tiximate  eNtimates  have  been  included  for  the  faintest 
ijradrs  visible,  although  such  extension  is  not  to  be  recom- 
n-cndid,  in  the  absence  of  actual  counts  suflicicnt  to  forhi  a 
hi**:-  ft^r  it.  The  projK)rtion  of  800  stars  of  seventeenth  mag- 
rit;:«!e  to  a  square  degree  would  give,  quite  precisely,  thirty- 
three  -rillion  stars  in  the  whole  sk>',  41.253  square  degrees. 

<  >nr  may  explain,  if  it  is  not  possible  to  reconcile  this  dif- 
ference, by  the  circinn stances  of  the  estimates  of  magnitude. 
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The  visual  observer,  in  endeavoring  to  grade  ail  the  stars  in 
classes,  may  take  too  large  a  difference  of  brightness  to  repre- 
sent the  distriction  of  a  quarter  of  a  magnitude,  a  very  small 
quantity  to  be  estimated,  as  he  goes  down  in  the  scale  beyond 
the  types  of  stars  from  which  he  must  form  his  magnitude  scale. 
The  photometric  measures  may  have  developed  a  tendency  in 
the  contrary  direction;  taking  too  small  a  difference  of  scale 
reading  to  represent  the  difference  of  a  tenth,  or  of  a  quarter 
of  a  magnitude.  The  photometer  has  the  great  advantage  that 
large  differences  of  brightness  can  be  measured,  and  used  as 
checks,  assuming  that  the  instrument  gives  consistent  and  au- 
thentic values  for  the  steps  down  from  one  type  of  star  to 
another,  at  all  parts  of  the  scale  of  brightness. 

A  great  amount  of  detailed  comparison  of  the  photometric 
and  visual  D.  M.  magnitudes  has  been  given  in  the  latest 
publication  of  the  Harvard  College  Observatory.  Parts  6  and 
7  of  Volume  72,  which  were  received  here  after  the  figures 
of  this  note  had  been  prepared.* 

July  12.  1913.  

THE  DERIVATION   OF  THE  RADIAL  VELOCITY 
EQUATION. 


By  G.  F.  Paddock. 


The  radial  velocity  equation  representing  the  component  of 
velocity  of  binary  stars  in  the  direction  of  the  Sun  was  first 
derived  by  Lehmann-Filhes.^  His  method,  which  follows 
in  brief,  was  the  differentiation  of  the  co-ordinate  r,  whose 
origin  is  at  the  center  of  motion  and  whose  direction  is  along 
the  line  of  sight.    Let — 

01  =  semi-major  axis ; 

c  =  eccentricity ; 

i  =  inclination  of  the  orbit  plane  with  respect  to  the  plane 

tangent  to  the  celestial  sphere ; 
w  =  longitude  of  periastron  from  the  receding  or  ascending 

node; 


*  In  Campbell's  "Stellar  Motions,"  recently  issued  from  the  Yale  University 
Press,  he  refers  to  the  number  of  stars  observable  in  our  greatest  telescopes  as 
being  about  one  hundred  million.     (Page  ii8.) 

*  Astronomischc  Nachrichten,  186,  17. 
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■  =  :■  "^m  •=.  longitude  in  the  orbit  measured  from  the  re- 
ceding no<ie  in  the  direction  of  motion ; 

:  -=  true  anomaly ; 

f  =  '^mi-parameter  =  a  ( i  —  r' )  ; 

^  -  mean  daily  motion : 

r  —  relative  radius  vector ; 

t  =  time ; 

;'  —  constant  of  attraction  in  the  system ; 

k  —  i  >aus$ian  constant  for  the  solar  system ; 

m  =  mass  of  either  component ; 

M  =  w,  -^  wij  =  total  mass: 

K  —  scmi-amplituile  of  velocity  oscillation : 

I  *  =:  radial  velocity  in  kilometers  per  second  relative  to  the 
Sun, — 

Then 

Z  =  r  sin  I  sin  u, 

d  z  ...         d  r     ^  d  u 

•=.  Mn  I  sm  n    '. —  +  ''  sm  f  cos  u    ,    , 
dt  dt  dt 

Tikinij  from  the  theory  of  orbital  motion  in  a  plane  the  ex- 

f>rr>s:tins 

dr_     f         .  . 

-  rsm  (II  — «). 

dt       \  p 

»c  derive 

dc  f      .     , 

,     Mn  I  (cos  u  '\'  c  cos  «), 
d  t       \  p 

[ '  zr  AT  (  COS  II  -f-  ^  COS  HI ). 

It  is  obvious  that  this  equation  should  be  derivable  from 
the  funclamental  eijuations  of  motion  and  it  may  be  of  interest 
ti>  ^how  how  it  may  thus  be  derived,  although  a  simple  process. 

The  fundamental  equations  for  the  r  components  of  motion 
«f  a  binar>'  system  are 

d^-^  _       .,  „    -,— ^. 
dt'  *        r» 

dt'  *        H 
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Since  radii  vectores  are  inversely  proportional  to  the  masses, 
we  have 

^  J   ^ ifh  +  tn^  ^  _  m,  +  >"2  ^ 

^  _  ^ iiti  +  fWj  ^  __       i«,  +  /;»2 

r,      rj  —  ^  —       —-        ^1  —  -^      -  -J. 

Hence  we  have 

rf=  r.    __  _  .2         wi%  _£2_ 

-  jY  =  —  ^'  ( wii  +m^)-^. 

The  last  equation  applies  to  relative  motion.  The  coefficients 
on  the  right-hand  side  represent  the  constant  of  attraction  for 
each  case,  as  follows: — 

fn^  -f-  Wj  tw-i  -|-  fMg 

The  equations  are  therefore  of  the  same  form  and  give  exactly 
similar  integrals  and  orbits.  The  integration  need  be  per- 
formed for  only  one, —  for  example,  the  last, — and  may  be 
effected  with  the  help  of  the  integrals  of  relative  motion  in 
the  orbit  plane,  namely, — 

the  orbit  equation, 


7    — 

I  -\-  C  cos  {ll ci>) 

the  areal  velocity. 

r^ 

du 
dt 

=  k^/M  y/p. 

the  orbital  radial  velocity, 

d  r       r-  c  sin  (u  - 
dt~              p 

-o>) 

du  _k  \'M 
df  —      \/p " 

Then  since 

z  ^ 

r  sin  f  sm  u. 

c  sin  («  —  w). 
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\\k  bi*^t  of  the  equations  of  motion  becomes 

iPz  ky/M      ...         du 

,  ,-  =  —        r  -  -  sm  I  sin  u  -  .— . 
rf  /»  yjp  dt 

Intc{>Tation  gives 

dz      k\/.\f     .     . 
-.^iz:       ,        sm  I  cos  11  +  r. 
dt  \/p  ^ 

To  (ietermine  the  constant  of  integration  c,  let  u  =  J^ir. 

Then 

Jrl  .     .   .        rfrl  ky/M 

'-J/J«-^i»  (//J«=Jiir  V/»     smi.^COSM. 

Th«i  putting 

-,       rfr        ,  ..        /sin  I 

«c  have 

I'  =z  K  (cos  II  -|-  ^  COS  €»). 

The  r  and  A'  may  now  refer  to  cither  relative  motion  or  to 
r.y<vm  of  either  component  with  respect  to  the  center  of  mass. 

S'ncc 

»t  have,  if  it  be  given  for  the  unit  of  time  one  second, 
,  w  sin  I  u         a  sin  1 

\  I*         86400   Vi  — c 

_      k^  wi-       sin  f  fk         fl,  sin  1 

'  ""  i«,  +  iiij    \^/>,        86400   \^  I  —  r- 

a 
.,   __     it.  Ml",       sin  I fi         (I3  sin  1 

'  ~  III,  f  w'a     \'/^j  ~     8()4O0   \  1  —  r- 

"'■tn  '-ince  •»,  =^  ••!  +  *'♦ 

-"■i  if  /'.  and  /'•  are  the  velocities  relative  to  the  Sun  and  y  the 
'i'  <:i\  of  the  center  of  mass  relative  to  the  Sun,  we  have  for 
t:  t  \ei*  <*ity  eipations  of  each  component  of  a  binan*  system, 

l\  =  y  +  Ky  { cos  M  +  r  cos  w  ) , 

l\  =  y  —  A'j  (  cos  U  +  C  cos  M  ) . 
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PERSONAL    EQUATION   IN   TRANSIT 
OBSERVATIONS. 


By  R.  H.  Tucker. 


In  May,  the  difference  of  personal  equation  in  chronographic 
transit  observations  was  determined  for  Dr.  C.  C.  Kiess  and 
the  writer,  by  observing  the  same  groups  of  stars  on  two  nights, 
with  the  meridian  circle.  On  the  first  night  the  difference  of 
clock  corrections  for  the  two  observers  was  T-K  =:  -(-o".oi2. 
On  the  second  night  the  difference  for  the  alternate  groups 
was  T-K  =  —  0".oi3. 

Thus,  from  this  brief  comparison,  the  difference  of  personal 
equation  would  appear  to  be  negligible  in  the  third  place  of 
decimals. 

The  errors  of  tabular  right  ascension  are  eliminated  by  the 
alternation  of  the  groups  of  stars,  and  the  errors  of  the  deter- 
mination of  the  instrumental  corrections  practically  disappear 
also ;  the  combined  effects  from  both  sources  being  represented 
by  the  mean  differences  above.  Collimation  was  determined 
by  opposing  collimators,  level  from  reading  on  the  nadir,  and 
azimuth  from  observations  of  circumpolar  stars,  on  both  nights 
by  observer  T. 

The  probable  error  of  a  clock  correction  determined  by  one 
star  would  be  zt  o*.028,  for  either  observer;  while  the  dif- 
ferences of  residuals  would  give  db  o*.oi7,  as  the  probable 
error  of  a  determination  free  from  the  effect  of  error  in  the 
tabular  right  ascension. 

July  2,  1913. 
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THE    LXIT   OF   STELLAR    DISTANCE. 


By  Hebcb  D.  Cl'Rtis. 


Elsewhere  in  this  number  of  the  Publications  (in  Abstracts 
frt*n  Astronomical  Publications),  Dr.  Paddock  gives  a  timely 
rrsume  of  the  various  suggestions  which  have  been  put  for- 
»ani  recently  for  a  new  unit  of  stellar  distance.  The  sug- 
C^^ted  units  are : 

The  androcncde  =  distance  of  Andromeda  nebiila,  1,600  to  8,000  light- 

yacrtm,  par^ec.  astron,  astromcter.  siriometer  =  distance  corrcspond- 
mt  to  a  parallax  of  one  second  of  arc  =  3.26  light-years. 
>inu*weiie  =  distance  corresponding  to  a  parallax  of  o*.2  =   16.3 

''«Ht->rar». 

Ilcf«»re  any  such  unit  is  adopted,  a  general  agreement  among 
a^tn»nomers  would  be  necessary,  with  full  discussion  of  the 
neciis  for  siKh  a  change,  and  this  seems  to  be  a  favorable 
•  T'ptmunity  for  the  present  writer  to  express  his  own  personal 
'!:^f»proval  of  the  units  sug^sted. 

The  unit  for  the  enormous  distances  needed  in  stellar  studies 
*h«iuki  p<»s*iess  the  following  characteristics,  or  as  many  of 
thrm  as  possible: — 

A.  //  should  depend  upon  concepts  of  space,  time,  and  matter 
.-•--  fundamental,  and  as  accurately  kno^i^i  as  present  scientific 
i  'iKJedi^e  permits. 

!».  ft  should  be  of  such  a  nature  as  to  be  comprehended  by 
•v.-    x^neral    reader,  and    by    students    7iv7/i   but  elementary 

<*  //  should  be  of  such  ma^^nitude,  preferably,  that  but 
'»v.*v  zt,ul  statements  inxokin^  the  unit  need  to  be  expressed 
'I  numbers  inconveniently  large,  or  fractions  inconveniently 

N>  ci»mpktely  does  the  customary  and  well-known  unit  of 
*^e  !i;:ht-year  fill  all  these  requirements,  that  any  change  ap- 
•ifv  to  me  not  only  to  be  entirely  unnecessar}',  but  even  to 
-a\"r  a  little  of  pedantr>'.  To  consider,  in  detail,  the  require- 
*-rnt«  tnitlined  above: — 
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A,  The  velocity  of  light,  from  our  present  knowledge,  ap- 
pears to  be  as  fundamental  a  constant  in  the  world  of  matter 
as  is  ^  or  TT  in  mathematics;  it  is  far  more  than  merely  the 
value  of  the  velocity  of  light,  as  it  expresses  the  relations 
between  the  electrostatic  and  electromagnetic  units,  and  enters 
into  many  equations  in  pure  physics.  It  is  probable  that  we 
know  its  absolute  value  to-day  at  least  within  one  ten- 
thousandth.  As  to  the  fundamental  nature  of  our  year  and 
our  day  as  a  unit  of  time  nothing  need  be  said.  The  length 
of  the  astron  depends  upon  the  solar  parallax ;  it  is  by  no  means 
certain  that  we  know  this  latter  constant  with  an  error  less 
than  one  thousandth.  As  to  the  andromcdc,  will  any  one  claim 
that  we  know  the  distance  of  the  Andromeda  Xebula  within 
fifty  per  cent  of  its  true  value?  Or  the  trire  distance  of  Sirius 
within  five  per  cent?  (Seeliger's  siriuszccite  is  the  distance 
corresponding  to  a  parallax  of  o".2 ;  the  modern  values  of  the 
parallax  of  Sirius  range  from  o."34  to  o".40.)  The  length  of 
certain  weaves  of  light  has  been  adopted  as  the  standard  of 
length  for  the  determination  of  the  meter,  and  the  velocity  of 
light  would  appear  to  be  an  equally  fundamental  and  fitting 
starting-point  for  our  greatest  standard  of  length. 

B.  The  parallax  of  the  fixed  stars,  as  defined  and  used  by 
astronomers,  has  no  meaning  whatever  to  the  average  la\iTian, 
and  the  definition  of  an  astron  as  such  a  distance  that  the 
mean  radius  of  the  Earth's  orbit  would  subtend  an  angle  of 
one  second  of  arc.  would  be  equally  meaningless  and  carry  with 
it  no  conception  of  the  order  of  magnitude  involved ;  the  lay- 
man has  forgotten,  if  he  ever  knew,  just  how  small  a  quantity 
a  second  of  arc  is.  He  knows,  however,  that  the  speed  of  light 
is  enormous,  if  he  does  not  recall  the  exact  figures,  and  the 
concept  of  the  distance  traveled  by  light  in  one  year  is  easily 
grasped  by  him :  his  conception  of  the  order  of  magnitude  of 
a  light-year  is  roughly  correct,  even  though  he  may  not  know- 
that  this  distance  is  nearly  six  trillion  miles.  The  astronomer's 
convenience  need  not  be  considered ;  he  will  doubtless  continue, 
as  in  the  past,  to  use  parallaxes  expressed  in  seconds  of  arc  in 
his  studies  and  computations  involving  stellar  distances.  I 
can  see  no  advantage  from  his  standpoint  in  referring  to  the 
distance  of  a  star  as  14.3  parsers,  instead  of  saying  that  the 
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<ar  has  a  fxiranax  of  0.07  seconds  of  arc :  still  less  can  I  con- 
vt:ve  that  he  would  find  it  more  convenient  to  say  that  the  dis- 
:a^^e  i<  0.02*)  andromcdc,  or  2.8  smus%^*citcn,  rather  than  4^^ 
*  ^!n-\car^. 

*  Tlic  li^ht-year  is  a  unit  of  convenient  size  when  com- 
'  j'ol  with  the  dimensions  of  the  known  stellar  universe.  Known 
^♦t!'ir  (listances  ranjje  from  about  four  light-years  to  five 
^  "  I'lvl  li;^ht-years.  with  uncertainties  in  the  higher  values, 
•*  -r  th.-  distance*;  of  indhidital  stars,  of  from  fifty  to  one  hun- 
!'id  |K*r  cent.  licyond  five  hundred  light-years  we  enter  the 
1  '  am  <»f  NiK^culations.  which,  while  of  great  interest  and  value, 
a 'I  Mi' I  but  sj>eculations,  foundeil  uf)on  more  or  less  probable 
.  Nv-T"!  tmns  as  to  the  absorption  of  light  in  space,  conditions  of 
^••'tact  luminosity,  etc.  Whether  the  Milky  Way  is  three 
!■  i-.t'id.  <»r  several  million  light-years  across,  the  light-year 
*  <i'.\  a  usable  unit.  Should  the  advance  of  our  knowledge 
'.rr  hnr.iz  it  to  i)ass  that  a  larger  unit  is  needed,  the  logical 
*V'.  wiiu!<l  aj)i)ear  to  be  a  decimal  multiple  of  the  light-year. 
**t  !:^'u<entury.  or  the  light-millenium. 


AXETARV  rilKXOMKXA   FOR  SErTEMBER  .\XD 
OCTOBER.  1013. 


By  .M\i.r()LM   McXfili.. 


PH\>t>   0¥   THE    M(H>N.    IVMIFK     TIMF. 

}  '••  Ojrtir     Scpi    7,  5^^  <i™AM.  '  First  Quarter  ..Oct.  6.    5^  40"^  r  m 

f.*:   M'-.n    ....     **   15,  4  4(>    A.M.'  Full    .Moon    ...     "14,10     7     H  M. 

!    '•.  fj-i   rter  "  2^.  4  ,^0     A.M.  '  La>it   Quarter    .     "  jj,    2    53     P  M. 

\   •    \I.  «»n  '*  2*).  H  57     r.M.  I  New   Mt>oii   ...     "  j<>.   6   ^)    a.m 


Ihe  f««urth  eclipse  of  the  year,  a  total  eclipse  of  the  Moon. 
*^tirs  iin  the  night  of  September  I4th-I5th,  the  beginning 
\.*:N!c  generally  in  Xorth  .American  except  the  extreme  north- 
-rn  fM.rti'ms.  the  Pacific  Ocean,  Australia,  and  eastern  .Asia; 
v**  ending  visible  generally  in  Alaska,  the  Pacific  Ocean, 
'*  i-;t  the  ca-ttni  j)ortions,  .\ustralia,  and  .Asia. 
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CIRCUMSTANCES  OF  THE  ECLIPSE,  PACIFIC  TIME. 

Moon  enters  penumbra September  15,  i^  40«>  a.m. 

Moon  enters  shadow **  15,  2  52  a.m. 

Total  eclipse  begins  "  I5»  4  i  a.m. 

Middle  of  the  eclipse  **  15.  4  48  a.m. 

Total  eclipse  ends "  15,  5  35  a.m. 

Moon  leaves  shadow  *'  15,  6  44  a.m. 

Moon  leaves  penumbra  **  15,  7  56  a.m. 

The  fifth  and  last  eclipse  of  the  year,  a  partial  eclipse  of 
the  Sun,  will  occur  on  September  29th.  The  region  of  visibility 
is  confined  to  the  southern  hemisphere,  and  includes  Mada- 
gascar and  a  part  of  South  Africa.  The  maximum  obscuration 
of  the  Sun  is  about  82  per  cent  of  its  diameter. 

The  autumnal  equinox,  when  the  Sun  crosses  the  equator 
from  north  to  south,  occurs  September  23d,  about  8  a.  m.  Pa- 
cific time. 

Mercury  on  September  ist  is  a  morning  star,  rising  a  little 
more  than  an  hour  before  sunrise,  and  may  be  seen  in  the 
early  morning  twilight  under  good  weather  conditions;  but 
this  condition  lasts  only  a  day  or  two,  as  the  planet  is  rapidly 
approaching  the  Sun,  and  reaches  superior  conjunction,  becom- 
ing an  evening  star  on  the  morning  of  September  i6th.  It 
remains  an  evening  star  through  the  rest  of  the  month  and 
throughout  October,  reaching  greatest  east  elongation  on 
November  ist;  but  as  the  motion  of  the  planet  carries  it  to  a 
position  nearly  10°  south  of  the  Sun  there  is  practically  no 
possibility  for  naked-eye  observations  during  October,  the 
interval  between  the  setting  of  the  Sun  and  of  the  planet  being 
less  than  one  hour. 

Venus  remains  a  morning  star,  rising  a  little  more  than 
three  hours  before  sunrise  on  September  ist,  this  interval 
diminishing  to  a  little  more  than  two  hours  by  the  end  of 
October.  During  this  period  the  planet  moves  71°  eastward 
and  21°  southward  from  the  western  part  of  Ccuicer,  not  far 
from  a  and  p  Gemitiorum,  through  that  constellation  and  Leo 
into  Virgo.  On  the  morning  of  October  25th  there  wil  be  a 
very  close  conjunction  with  the  first-magnitude  star  Rcgulus, 
a  Leonis,  at  the  time  of  nearest  approach  the  planet  being  about 
half  the   Moon's  apparent  diameter  north  of  the  star.     As 
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I'cnus  «m  ( )ctobcr  1st  is  about  four  times  as  far  from  the  Earth 
x>  it  was  during  its  time  of  greatest  brilliancy  during  the 
sfrinj:.  it  will  not  be  nearly  as  conspicuous  as  it  was  at  that 
tme.  although  still  much  brighter  than  a  first-magnitude  star 
like  Rc^ulus, 

Mjrs  rises  on  September  ist  about  half  after  eleven  and  on 
(ictuber  31st  at  about  half  after  nine.  During  the  two  months 
It  miives  about  31^  nearly  due  eastward  from  the  eastern  part 
*vi  Taurus  into  the  eastern  part  of  Gemini,  and  at  the  end  of 
<>cti«l»cr  is  a  little  south  of  Castor  and  Pollux,  the  principal 
*ur<  i»f  the  constellation.  As  the  planet  approaches  opposition 
It*  (Ij^unce  fn>m  the  Earth  diminishes  rapidly,  averaging  more 
than  half  a  million  miles  daily,  and  on  October  17th  its  distance 
fn*n  us  is  the  same  as  the  Earth's  mean  distance  from  the 
Sun  At  the  time  of  nearest  approach  at  the  end  of  this  year 
the  distance  of  the  planet  from  the  Earth  will  be  about  6d  per 
cmi  of  this.  During  the  two  months  the  planet  nearly  doubles 
It*  brightness,  and  just  before  the  end  of  Ortober  will  be  about 
•«ne  half  as  bright  as  it  will  be  at  opposition. 

Jufitcr  is  a  fine  evening  object  in  the  southwestern  sky. 
<  *n  S^Jtembcr  1st  it  sets  shortly  after  midnight,  and  on  October 
Jirt  a  little  before  9  p.  m.  At  the  beginning  of  September  it  is 
rxaing  >U)wly  westward,  but  becomes  stationary  and  then 
ho^ns  to  move  eastward  on  September  4th,  the  entire  eastward 
:Tii<!<in  up  to  the  end  of  October  being  about  5°  It  will  then 
iccupy  aimr>st  exactly  the  same  position  it  held  among  the  stars 
early  in  July,  in  Saji^ittarius,  a  little  north  of  the  eastern  end 
•f  the  "milk  dipper." 

Saturn  rises  shortly  after  eleven  in  the  evening  on  Septem- 
ber 1st,  and  shortly  after  seven  on  October  31st.  It  is  in  the 
cnnstellation  Taurus  east  and  north  of  the  principal  star  Aide- 
b^ratt,  and  up  to  September  30th  moves  about  3°  eastward. 
It  then  begins  westward,  or  retrograde,  motion  and  moves 
about  i"  in  that  direction  during  October.  On  October  ist  it 
»  10'  east  and  5^  north  of  Aldebaran  and  approaches  the  star 
-faring  the  month.  This  approach  will  continue  until  about  the 
toA  of  Januar>*.  IQ14,  when  the  distance  will  be  diminished  to 
ahoot  one  half  that  of  October  ist. 


2i8    Publications  of  the  Astronomical  Society,  &c. 

Uranus  is  above  the  horizon  until  half  after  two  in  the  morn- 
ing on  September  ist  and  until  about  half  after  ten  in  the 
evening  on  October  31st.  It  is  in  the  constellation  Capricorn 
and  moves  slowly  westward  less  than  1°  up  to  October  13th. 
It  then  begin S^  to  move  eastward,  but  the  motion  is  small.  It 
remains  near  the  fifth  magnitude  star  v  Capricorni,  but  it  is  not 
at  all  easy  to  identify.  The  planet  on  October  ist  is  about  3° 
west  and  i  °  30'  south  of  the  star. 

Neptune  rises  at  a  little  after  2  a.  m.  on  September  ist  and 
shortly  after  10  p.  m.  on  October  31st.  It  is  in  the  extreme 
eastern  part  of  the  constellation  Gemini, 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


la  ■nordaaec  mkh  a  recent  arraafement  the  members  of  the  tcicntific  staff  of 

'•«  Ltdk  Otatmtory  hold  aMctiiiffS  oacc  per  week,  as  an  obsenratory  duty,  to  report 

tpp%  md  dkcvaa  the  aMrc  faaportant  articles  appearing  in  the  journals  of  astronomy, 

:  Dcw  books  on  astronomical  subjects,  or  subjects  of  current  and  special 

okMnratory's  work.     It  has  been  suggested  that  abstracts  of  the 

1  be  of  ifltvrest  to  the  readers  of  these  Publications,  and  the  Publication 

:  has  acted  favorably  upon  the  suggestiona. 

Ii  •  mttaAtd  to  prcatnre  the  qualities  of  abstracts  as  far  as  possible,  and  to 

Tar- act  pwMiihid  ciitJcianis,  faTorable  or  unfavorable,  to  a  minimum. 


^^  \^r«h-«*  OF  Proper-Motion  Stars  M.nde  with  the40-Inch 
Kffractor  of  the  Yerkes  Observatory  in  the 

Yk\RS  1907  TO  I912  BY  S.  W.  BURNHAM.^ 

Pr  .!c'-M>r  BrRNHAM's  enthusiasm  in  the  study  of  relative 
<C\kr  nn»tions  is  untiring.  For  many  years  he  has  been  known 
*<  the  foremost  livinjif  double-star  observer  and  the  one  who 

.a*  lime  more  than  any  other  since  Struve's  time  to  further 
*■  >  branch  of  astronomy.     And  now,  at  an  age  when  most 

*r<r\rrs  retire  from  actual  work,  he  gives  us  a  most  im- 
'■■nint  omtribution  to  the  study  of  the  proper  motions  of 
-Ur^,  including  no  less  than  9,500  measures  made  with  the 

•  v'.^r^er  of  the  great  40-inch  refractor. 

Thf  Horking  program   was  made  up  principally  of  stars 

-t'li.tcil   frrmi  the  General  Catalogue  of  Double  Stars,  "for 

'fa-in%  which  will  generally  be  apparent  from  the  notes  and 

^•^rvaiions  cited  in  that  \\X)rk.     By  far  the  greater  number 

:  '^t^T^  given  in  the  Genera!  Catalogue  as  having  proper  mo- 

•  p^  arc  not  included  here,  because  the  observations  there 
:•«-!  are  of  recent  date  and  further  measures  are  not  needed 

-!  ihi<  time.**  The  measures  of  this  list  from  Part  II  of  the 
•'r^ni  volume,  which  may  therefore  be  regarded,  as  the  author 
'*.'*.  a*  in  a  sense  supplementar>'  to  the  General  Catalogue. 
''in  I  contains  measures  of  *'all  other  stars  for  which  prior 
^-crvations  with  the  micrometer  have  been  made.*'  This  is 
1  rruch  shorter  list  than  the  other. 

'liM^mftmt.    I>.   C.   101 3.     Publtthed  by  the   Carncfie   InMttution  of  Wathinc- 
•      «•      paprr.  pp    iv  4-  31 1. 
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The  object  of  the  measures  is,  as  appears  from  the  title,  to 
accumulate  data  for  more  accurate  determinations  of  proper 
motions  of  the  stars.  It  is  clear  to  any  one  who  has  studied 
the  matter  that  such  motions  can  be  determined  far  more  accu- 
rately from  micrometer  measures  than  from  meridian  observa- 
tions, provided  ( i )  that  the  comparison  stars  have  no  sensible 
proper  motions,  and,  ( 2 )  that  the  time  interval  covered  by  the 
series  of  measures  is  of  the  same  order  as  that  covered  by  the 
meridian  measures.  The  second  condition  can  be  met  in  due 
time,  and  Burn  ham's  work,  as  well  as  that  of  others,  has 
shown  that  the  first  is  realized  if  the  comparison  stars  are 
independent  and  faint.    To  quote  from  the  brief  introduction : 

*Tor  many  years  I  have  been  hunting  for  a  faint  star  with 
some  certain  proper  motion,  but  so  far  without  success;  and 
the  observations  of  others  to  this  time  give  only  negative 
results.  It  goes  without  saying  that  every  star  in  the  heavens, 
down  to  the  limit  of  the  largest  aperture,  must  have  some 
proper  motion  as  well  as  parallax;  and  it  is  equally  obvious 
that  the  one  is  as  negligible  as  the  other  in  all  observations  of 
relative  positions  with  any  astronomical  instrument  now  in  use." 

This  remark,  of  course,  does  not  apply  to  the  faint  com- 
panions of  brighter  stars  which  share  in  the  motion  of  the 
latter.  Ultimately,  we  shall  be  able  to  detect  the  minute  proper 
motions  of  the  fainter  stars  in  general  by  the  continuation  of 
just  such  measures  as  those  in  this  volume,  and  by  the  com- 
parison of  photographs  taken  at  suitable  intervals. 

The  measures  are  arranged  in  the  convenient  form  which  we 
have  come  to  expect  in  Burnham's  volumes,  and  mechanically, 
the  book  leaves  nothing  to  be  desired.  R.  G.  Aitken. 

July,  1913. 

The  Astronomical  Unit  of  Distance. 

Distances  in  the  solar  system  are  usually  expressed  in  terms 
of  the  mean  distances  of  the  Earth  from  the  Sun.  This  mean 
distance  is  called  the  astronomical  unit.  Stellar  distances, 
however,  are  so  immense  that  this  unit  is  of  little  use.  The 
unit  called  the  light-year  is  then  employed  to  indicate,  with 
however  much  or  little  comprehension  it  may  induce,  the  dis- 
tance which  light  travels  in  one  year  through  stellar  space. 
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In  discussing  distances  of  nebulae,  Professor  Veey,  of  West- 
«xkmL  Massachusetts,  proposes  as  a  unit  the  distance  of  the 
Amdrmmtda  Acbula  and  the  name  andromcdc,^  This  unit  would 
be  of  the  order  of  one  thousand  light-years. 

In  discussions  of  the  distribution  of  stars  in  space,  of  star 
<rram$  and  of  stellar  motions,  there  has  recently  come  into  use 
a^  a  unit  of  distance  that  corresponding  to  a  parallax  of  one 
«<rofid  of  arc.  This  distance  is  about  three  light-years.  Dr. 
Ihsox,  Astronomer  Royal  of  England,  says,'  **there  is  need 
t"r  a  name  for  this  unit  of  distance.  Charliek,  of  Lund,  has 
Hlgge^ted  siriomeUr,  Professor  Turner,  of  Oxford,  sug- 
irrsts  wtacron  or  parscc,  which  may  taken  as  an  abreviated 
iurm  of  the  expression  a  distance  corresponding  to  a  parallax 
*»r  one  second.  If,  however,  violence  to  the  Cireek  language 
can  be  overlooked,  the  word  astron  might  be  adopted."  Again, 
St.uj(;ER  has  called  the  distance  corresponding  to  o".2  of  arc 
1  f  parallax  siriusu^ite. 

( )f  all  these  suggestions  the  designation  astron,  or  perhaps 
asiromctcr,  would  seem  verj'  appropriate. 

G.  F.  Paihxxtk. 

The  Reu\tu)N  of  Stell.\r  Velocities  and  Masses. 

In  a  recent  number  of  the  Astronomischc  Sachrichtcn*  we 
firxl  a  discussion  by  H.  Seeliger  upon  the  dependence  of  the 
*r!-icities  of  the  stars  upon  their  masses.  The  idea  of  "cosmic 
*hist  cloud"  has  many  times  been  applied  to  the  stellar  system. 
Furthermore,  the  conditions  in  this  system  of  discrete  masses 
ha\T  been  taken  to  resemble  those  in  a  gas.  But  caution  must 
be  n<ied  in  applying  the  laws  of  the  kinetic  theory  of  gas. 
There  arc  certain  facts  which  point  to  a  far-reaching  analogy 
Utwten  a  mass  of  gas  and  the  star  system.  First,  there  are 
nmueruus  cases  of  large  vekxrity  which  cannot  be  explained 
a«  a  consequence  of  the  gravitation  of  the  stellar  system  as  a 
whole.  Newcomb  suggested  that  these  rapid  stars  may  have 
anerrd  from  outside  the  stellar  system.  But  this  is  not  very 
BccIt  oor  necessary.  Kelvin  suggested  that  these  large  ve- 
kxibes  might  be  due  to  near  approach  of  bodies  to  others  of 

f$fmtmr  Artrarr  Ummtkty.  MS,  «94> 

*  VrafAJy    V#rirr#.  fS,  M^. 

*  4^F#«#«Btjr*#  SthrifhUm^  Bmmd,  W<  974. 
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strong  attraction.  A  second  fact  which  is  shown  by  Dr. 
Campbell's  discussion  of  the  radial  velocities  of  the  stars  is 
that  mean  radial  velocities  of  the  several  spectfal  classes  of 
stars  increases  from  B  to  M.  It  is  probable  that  early-type 
stars  are  the  more  massive.  From  all  these  points  it  may  be 
construed  that  mass  and  velocity  are  inversely  related.  In 
the  kinetic  theory  of  gases  the  velocities  of  the  molecules  are 
inversely  as  the  square  roots  of  their  masses.  If  this  law  be 
applicable  to  the  stellar  system  the  observed  facts  may  be 
accounted  for  to  a  certain  extent,  but  not  satisfactorily. 

Seeliger  has  made  other  assumptions  which  have  no  con- 
nection with  the  kinetic  theory  of  gases  and  by  an  extensive 
mathematical  discussion  obtains  the  result  that  the  smaller 
masses  must  have  the  larger  velocities.  It  is  assumed  that 
the  masses  originated  by  the  collection  of  small  unit  masses, 
which  possessed  any  values  of  velocity  whatever.  The  treat- 
ment is  then  based  upon  the  probabilities  of  the  velocities  and 
the  conclusion  drawn  that  the  velocities  are  less  as  the  masses 
are  greater.  The  result  explains  observed  phenomena  only  in 
a  qualitative  way.  The  full  explanation  of  stellar  velocities  is 
yet  to  be  found.  G.  F.  Paddock. 

On  the  Occurrence  of  the  Enhanced  Lines  of  Titanium 
IN  Electric-Furnace  Spectrum,  by  A.  S.  King.* 

In  the  course  of  an  investigation  of  the  variations  of  the 
spectrum  of  titanium  given  by  different  temperatures  of  the 
electric  furnace*  special  effort  was  made  to  obtain  the  enhanced 
lines  and  fix  their  place,  if  possible,  on  a  temperature  scale. 
Upon  pushing  the  temperature  of  the  furnace  beyond  2600°  C 
by  the  use  of  tubes  with  thinner  walls,  these  walls  burned 
through,  with  the  formation  of  an  arc,  furnishing  in  the 
process  conditions  under  which  the  enhanced  lines  appeared 
with  a  relative  intensity  usually  seen  in  the  condenser  spark, 
although  the  potential  at  no  time  appeared  to  rise  above  33 
volts.  The  results  of  these  experiments  are  summarized  as 
follows : — 


^  Astrophysical  Journal,  87,  119,  1913,  (March). 
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1.  The  enhanced  lines  of  titanium  appear  in  the  regular 
furnace  spectrum  for  temperatures  probably  somewhat  higher 
than  2600"^  C  but  are  very  faint  compared  to  the  arc  lines. 

2.  At  stin  higher  temperatures,  while  furnace  conditions 
mn  exist,  there  are  indications  of  a  slight  increase  in  the  rela- 
tive strength  of  the  enhanced  lines. 

3-  When  the  furnace  tube  bums  through  with  the  formation 
of  a  iow-vohage  arc,  the  consumption  of  electrical  energy  at 
the  point  being  very  large,  the  enhanced  lines  of  titanium  and 
the  «park  line  A  4267  of  carbon  appear  with  an  intensity  usually 
attainable  only  in  powerful  sparks. 

4.  By  photographing  with  the  slit  across  the  image  of  the 
titbe^  interior,  the  relative  strength  of  the  enhanced  lines  is 
«een  to  be  much  greater  in  the  center  of  the  tube  than  near  the 
wall,  this  effect  being  very  pronounced  in  the  case  of  the  carbon 
^park  line. 

5.  The  vapor  in  the  center  of  the  broken  tube  shows  a  ten* 
ijcncy  to  give  a  line  farther  to  the  red  than  that  near  the  wall, 
thin  being  shown  in  the  increasing  dissymetry  of  the  lines  from 
the  en<l  toward  the  middle.  The  effect  is  in  harmony  with  the 
acti*in  of  the  condensed  spark.  E.  Phcebe  Waterman. 

Ma>.  191  J. 

A5TROXOMV,    BY    GeORGE    F.    CHAMBERS.* 

The  author's  motive  in  writing  this  book  may  be  gathered 
fnim  the  following  statements  quoted  from  his  preface :  "This 
^'■cume  is  not  a  formal  treatise  on  astronomy,  nor  is  it  a  mere 
eilocational  text-book.  .  .  .  There  is  nothing  profound  or  in- 
omveniemly  deep  in  it,  but  it  just  gives  a  popular  outline  of 
Wading  facts.  .  .  .  My  idea  has  been  to  direct  the  reader's 
antntitm  to  what  may  be  called  every-day  topics.  .  .  .'* 

The  author  has  had  a  wide  experience,  both  as  a  writer  and 
a*  a  lecturer,  on  astronomical  subjects  and  has  naturally  pro- 
tinced  a  readable  book,  which  gains  a  further  interest  from 
the  nnustially  large  number  of  illustrations.  These  are  of 
»ar\ing  degrees  of  excellence  and  some  are  very  good  indeed. 
Pkh  the  eight  colored  plates  will  convey,  for  the  most  part,  a 
•  nmg  impression  of  the  colors  of  the  objects  as  actually  seen 

■  :•    \  •«  NoMmml  Co..  New  York.  191  j.     $1.50. 
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through  the  telescope.  The  colors  are  itiade  far  too  brilliant 
and  too  definite  in  their  contrast  to  represent  the  reality.  This 
applies  particularly  to  the  plates  of  colored  double  stars,  and  in 
only  less  degree  to  those  of  the  planets. 

There  are  many  statements  in  the  book  to  which  exception 
might  be  taken  if  it  claimed  to  be  in  any  sense  a  treatise  on 
the  subject,  and  only  the  briefest  references  are  made  in  it  to 
some  of  the  most  significant  advances  in  the  science  during  the 
past  two  decades.  Occasionally  this  incompleteness  may  give 
an  incorrect  idea  of  the  actual  state  of  present  knowledge,  but 
there  are  few  passages  that  are  in  themselves  misleading. 

It  is  particularly  pleasant  to  find  the  book  well  printed  on 
good  paper  and  quite  free  from  obvious  typographical  errors. 
Among  the  few  that  were  noticed  is  the  statement  in  the  preface 
locating  the  Yerkes  Observatory  at  Williamsfazcit  instead  of 
at  Williams  Bay.  R.  G.  Aitkex. 

June,  191 3. 

Lehrbuch  der   Spharischen  Astroxomie,  vox  Dr.  L.  de 

Ball.^ 

This  addition  to  the  list  of  compendia  of  spherical  astronomy 
is  a  finely  printed  quarto  in  the  best  style  of  the  German  book- 
maker's art,  and  is  intended  to  serve  as  a  manual  for  the 
student  as  well  as  a  handbook  for  the  working  astronomer. 
The  astronomer  will  find  in  it  a  valuable  reference  book,  where- 
in are  brought  together  and  given  with  very  full  and  thorough 
treatment  the  majority  of  the  subjects  properly  falling  under 
the  head  of  spherical  astronomy,  some  of  which  have  hitherto 
not  been  easily  accessible. 

Certain  fields  are  treated  with  a  fullness  and  rigor  which 
seems  almost  superfluous  as  far  as  the  needs  of  the  working 
astronomer  are  concerned ;  64  of  the  387  pages  are  devoted  to 
a  discussion  of  the  rotation  of  the  Earth :  with  so  much  space 
available  for  the  treatment  of  this  phase  of  the  subject,  it 
would  have  seemed  advisable  to  include  something  on  latitude 
variation,  and  to  have  given  more  space  to  the  Horrebow- 
Talcott  method.     So,  also,  the  treatment  of  refraction  from 


*  Wilhelm  Engelmann,  Leipzig,  1912.     4  to,  pp.  xv  -f  387.    $5.00. 
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It*  thtt>rctical  standpoint  scenis  unduly  full  for  a  reference 
bi*ik  t»f  this  sort,  as  55  page?^  are  devoted  to  the  subject,  while 
•xhinjj  at  all  is  given  in  the  important  field  of  the  spherical 
a^triin<iniv  of  the  photographic  plate. 

K'^i'lc  fn^m  these  omissions,  it  will  be  found  dn  unusually 
fun  and  ctmiprehensive  reference  boot  on  the  subject,  with 
ruTTcrous  improvements  and  simplifications  in  stating  well- 
kTvmn  methcKis.' and  not  a  little  matter  not  easily  accessible, 
i^.  lor  instance,  the  methods  of  determining  the  parallax  of 
*tar-vtrcams,  and  the  chapter  on  astrographic  determinations 
"t  f«*>ition.  with  special  reference  to  selenographic  co-ordinates. 
\  full  and  clear  treatment  is  given  of  occultations,  and  of  solar 
imi  lunar  eclipses,  while  at  the  beginning  of  the  book  are 
c  »i]ecte<l  the  usual  formuUe  for  interpolation,  mechanical  quad- 
ran:re,  least  square,  and  spherical  trigonometry.        H.  D.  C. 


GENERAL  NOTES. 


It  is  with  great  regret  that  we  record  the  death  of  Professor 
Luis  G.  Leon  on  April  23d,  at  the  age  of  forty-seven.  Pro- 
fessor Leon  was  secretary  of  the  Astronomical  Society  of 
Mexico,  and  the  editor  of  the  Bulletin  of  the  society.  Through 
his  intense  enthusiasm  and  zeal  he  did  a  great  deal  to  stimulate 
popular  interest  in  astronomy  in  Mexico,  and  his  death  is  a 
severe  loss  to  the  Mexican  Astronomical  Society,  of  which 
he  was  the  founder. 


Obsenntorics  and  Cities.  —  Modern  astronomical  research 
work,  which  necessitates  the  long  exposure  of  photographic 
plates  and  the  observation  of  faint  stars,  is  gradually  separating 
old  observatories  from  their  historic  surroundings  and  creating 
new  buildings  in  more  favorable  situations.  The  Hamburg 
Observatory  is  now  settled  in  its  new  site  in  Bergedorf,  and 
the  new  ground  is  bristling  with  domes  of  the  latest  construc- 
tion. Berlin  Observatory  is  now  on  the  move,  taking  up  its 
new  position  in  Neu  Babelsberg,  not  very  far  from  its  astro- 
physical  confrtre  at  Potsdam.  At  the  present  time  the  question 
is  being  considered  as  to  the  removal  or  part  removal  of  the 
Paris  Observatory,  as  the  conditions  on  the  site  now  occupied 
are  not  conducive  to  the  best  observational  work. — (From 
Nature,  June  19,  1913.) 


Dr.  S.  a.  Mitchell,  Associate  Professor  of  Astronomy  at 
Columbia  University,  has  been  appointed  Director  of  the  Le- 
ander  McCormick  Observatory  at  the  University  of  Virginia, 
as  successor  to  Professor  Ormond  Stone,  who  retired  two 
years  ago  on  the  Carnegie  Foundation.  Three  who  took  their 
doctorates  under  Professor  Stone  are  now  on  the  Lick  Ob- 
servatory staff,  and  their  best  wishes  go  with  Professor  Stone 
in  his  well-earned  retirement  from  active  duties,  and  to  Dr. 
Mitchell  in  his  new  field  of  work.  During  the  past  year 
Dr.  Mitchell  has  been  on  sabbatical  leave  from  Columbia, 
and  has  spent  his  time  at  Yerkes  Observatory  in  spectro- 
graphic  and  parallax  work. 
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Earthquakes  Versus  Suffragettes. — The  earthquake  of  July 
U  igii.  did  practically  no  damage  anywhere  in  California, 
except  to  the  old  brick  dormitory  at  Mount  Hamilton,  and 
tiiis  wa5  a  building  whose  structural  faults  rendered  it  rather 
SQiceptible  to  shock.  To  replace  the  residence  space  in  this 
bail<iing  a  fine  dormitory  building  of  reinforced  concrete  and 
two  modem  cottages  have  been  built.  These  are  now  com- 
pleted and  the  rather  congested  living  conditions  of  the  past 
tmo  years,  which  have  been  necessary  on  the  part  of  several 
members  of  the  staff,  are  at  an  end.  Some  of  our  English  col- 
kai^ues  evidently  have  to  take  precautions  against  upheavals 
of  a  different  nature:  witness  the  following  note  from  The 
(ftsi-rtMtory: — 

"The  Royal  Observatorj'  on  Blackford  Hill  (Edinburgh) 
»a<  cntereti  on  the  night  of  May  20th-2fst,  and  a  bomb  fired 
in%i*le  the  building,  immediately  under  the  24-inch  reflector. 
The  perpetrators  obtaine<l  entry  by  smashing  some  panes  of 
j:!a^>.  and  laid  a  fuse  up  a  spiral  staircase  to  a  lumber-room 
;i:n  below  the  instrument.  The  explosion  took  place  about 
I  \.  M.  Fortunately,  no  serious  damage  was  done  to  the  in- 
struments, the  damage  being  mainly  structural.  A  woman's 
haxMlbag  and  some  papers,  which  were  left  behind,  leave  no 
dmbc  as  to  the  organization  to  which  the  crime  must  be 
attributed." 

A  Mmilar  attempt,  with  rather  serious  results,  has  been 
matie  at  the  Gatty  Marine  Laboratory'  of  St.  Andrews.  This 
laS»ratory  has  always  been  open  to  scientific  workers  of  both 
%exe*.  but  this  fact  did  not  give  it  immunity.  Explosives  and 
omibustibles  were  placed  in  one  of  the  work  rooms  on  the 
nifjht  of  June  2ist.  Fortunately  the  fire  was  seen  by  fishermen, 
»hi»  gave  the  alarm,  but  the  large  work  room  was  wrecked 
and  the  roof  ruined  before  the  firemen  obtained  control  of 
the  fire. 

California  has  now  been  a  suffrage  State  for  over  a  year, 
znti  all  critics  admit  that  it  is  a  success.  But  it  is  to  be  feared 
that  the  amendment  permitting  woman  suffrage  would  have 
fa:Ict!  to  pass,  as  it  has  since  done  in  Michigan,  had  the  mili- 
tant* •started  their  "campaign"  a  few  months  earlier. 


228  Publications  of  the 

It  is  stated  in  the  Times  that  Mr.  Cawthorn,  of  Nelson,  has 
offered  to  give  £10,000  to  £12,000,  the  sum  required  to  estab- 
lish a  solar  physics  observatory  in  New  Zealand.  This,  we 
understand,  is  the  outcome  of  a  visit  to  New  Zealand  by  Miss 
Proctor. 


Miss  Sophia  Levy,  graduate  student  of  the  Berkeley  Astro- 
nomical Department,  is  spending  the  summer  at  Lick  Observa- 
tory as  a  voluntary  assistant. 


Mr.  Carl  A.  Bergmann  has  been  appointed  an  assistant  on 
the  staff  of  the  Lick  Observatory,  with  principal  duties  in 
photography. 


Director  Campbell  left  on  July  17th  to  attend  the  Solar 
Conference  which  meets  at  Bonn,  July  30th  to  August  6th,  and 
the  meeting  of  the  Astronomische  Gesellschaft  at  Hamburg, 
August  6th  to  9th.  He  will  sail  for  home  on  August  12th, 
arriving  at  Mount  Hamilton  on  August  24th. 
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^*  M  w^  or  THF-  Mf.eting  of  the  Astronomical  Society  of 

Ti!E  Pacific  ix  Hearst  Hall,  Berkeley, 

ON  JiLY  II,  1913.  at  8:00  p.  M. 

T"*-'  rritrtinjf  wa-?  called  to  order  by  President  A.  G.  McAdie.  There 
*•  "i  rvi  nu'tine  biiMnc*^s  before  the  society,  he  proceeded  to  introduce 
'  ■  -:..-.kor  t>f  the  evening,  Dr,  Robfrt  G.  Aitken,  of  Lick  Observatory, 
»        It  !i\crrd  an  ilhistrated  address  on  the  subject  "Among  the  Stars." 

-  .'  m*  of  the  fact  that  this  meeting  was  held  in  conjunction  with  the 
%  "-r-t-T  s<s*i<ins  of  the  University  and  that  it  was  designed  to  be  com- 
—  —'  '-ti\e  <»f  the  twenty-fifth  anniversary  of  the  opening  of  Lick 
'»  -^Miit.nt-,  it  drew  out  an  interested  and  appreciative  audience  of 
i-    t    \\t   hiimlred   people.      Dr.    Aitken    reviewed   briefly   the   work 

\\    aciompHshed   at   Lick   and   spoke   modestly   but   with   evident 
'     '  of  it<  cttntributions  to  the  great  science  to  which  it  is  dedicated. 

-  •»-.■  ^cr>  nature  of  things  his  excursion  "Among  the  Stars'*  was  cur- 

■:  5  \   the  time  limits  of  a  single  lecture,  but  he  has  a  happy  way 
•  •    :  '*"n«  skeletons  with  beauty  ami  interest,  and  that  is  what  he  did 
•   •'■■*    -'va^ion. 

\  \'  tr  •  f  thanks  and  appreciation  was  unanimously  extendo<l  to 
*H-    \'*k»\  at  the  clove  of  his  address. 


}':n'  T»>  OF  THE  Meetinc.  of  the  Board  of  Directors  of 
in:  Astronomical  Society  of  the  Pacific,  held  in 
!i-  vrsi  H\ij..  Berkeley, on  JrLY  11,  1013.  at  7:30  p.m. 

T  ■•    't  »tre  pre^'ont  President  Mr.Anir  and  Directors  Aitken,  Craw- 
I  -     <'.*MvH.  and  RiCHAJ»i>soN. 

i*'.  ^i.i.-nt  Mr  \inE  announced  his  early  retirement  from  California 
*  ••!  a  I**  vition  at  Mar\'ard  and  asked  the  will  of  the  Board  as  to 
"'I  «.;»iri-<!   portion  of  his  term.     It    was   unanimoiisly  voted,  with 

".  .-•  'nplim«*n!^  and  regrets  over  his  departure,  that  he  should  serve 

■•  '  :*  trTn.  po» withstanding  his  ab^once  from  the  State. 
'    f-'li  'wmg  \*'Xc^  of  thanks  were  extended: — 

.'  '  I    'A  KV'y  M.  Bhe\\kr.  of  Boston.  Massachusetts,  for  back  numbers 

'.     r''"iV^v«-»r   Si-irHHi,  of   Lowell   Observator>-,   for   the  present   of 
■      \t^    liraiitifnl   lantern   slides  of  nebula?   spectrum   in   Audromcdti 
')'*-  rit-.sid^s: 
D    S   Ri  HARDSON  for  the  present  to  the  library  of  one  set  of  the 
I  -nj'liA  Brilannica. 
*    ■-►••rm-d  D.  S.  RirnARDsov. 

St'Crrtiiry, 
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STAR     I*()SIT1()\S    AND    (iALACTlC    O  )- 
ORDINWTKS.' 


By  R.  T   A.  iNNfs. 


iftl.'Otic  circle,  ilic  great  circle  to  which  the  course  of  the  I'io 

•   *  Ti  -vt  ncarl>   Ci>iiforms.     Kvcry  s'il)jcct  ha*^  its  technical  or  con- 

'•     m1    icrm^,    \\    whose    i:se   circumlocution    is    avoided    and    ideas 

'-'■]  «l%*Mi'c     This  circle  is  to  sidereal  what  the  invariable  ecliptic 

*  •••  ;'!.,n<  !ar>   astronomy — a  plane  of  ultimate  reference,  the  ground- 

•  1  tin   *irIort.il  system" — Sir  J.  HrRs(  lUL.  i)ut!nu'S  of  .htronoiny. 

In  ntarly  every  case  concerning  the  motions  of  the  heavenly 

■•■     ts,  tli^.  astronomer  has  to  refer  their  places  to  the  center 

t  t'.c  Sun;    <n  that  if  an  observer  could  be  heHocentric  nnich 

'■  '  "I  reduction  wouUl  Ik'  saved.     Let  us  try  to  imaj^ine  how 

a  '•''  c.-niric  observer,  with  all  our  niUions  upon  astronomy. 

A   ! '•!  start  to  work.     Mis  first  object  would  Ik  to  form  a  cata- 

■  c»'t  of  the  stars,  attd  to  <lo  so  he  would  have  to  decide  on 

■  •    : !  it:cs   of  reference  to   which  their  placts   should   be   re- 
UT.  1       If  a  terrestrial  friend  should  suj^j^est  that  the  plane 

!  t!'.'  Karth's  cipiator  should  Ik*  the  fundatuental  plane  and 
V  .:  the  <iirectit»n  of  the  intersection  (^f  the  ICarth's  orbit  with 
:'s  r,  :m:  '  sh<»n!d  l>c  the  initial  plane,  1  think  our  heliocentric 
i^t'  .,.  .,.j.r  uoul<l  be  sun)rised.  He  mij^ht  say:  **liut  both  the 
?  i"h  s  orbit  anti  its  e*juator  are  chanijinij  constantly,  and  the 
si.irs  a-e  virtually  fixe<I ;  would  I  not  by  chcx^sinj;^  such  co- 
■•-  *■•' ite^  involve  myself  in  endless  calculations?  Why  should 
!  t  t  chtMtst  »:Mine  plane  and  starlini^-|K)int  nearly  invariable 
a-  ;  rel.ited  in  some  way  to  the  stars?"  The  terrestrial  astron- 
f  c*'u'A  <.nly  reply  that  his  predecessors  had  used  the 
1  i'^h's  e<iuator.  etc..  and  that  the  theory  of  meridian  instni- 

k'     '    i-f.  -«-    ihf    S.,.j»h    Afrit.in    A«*i>cialion    ft»r    thr    A«!\ aiicrmcnt    of    Scinicr. 


*»    • 


ii»    .   julv      -oij 
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ments  which  they  used  was  based  on  the  fact  that  the  Earth 
rotates.  But  what,  the  heliocentric  astronomer  might  ask,  has 
the  Earth's  rotation  to  do  with  the  places  of  the  stars  ?  Would 
not  the  stars  still  be  in  their  places  if  the  Earth  ceased  to 
rotate  ?  Why  not  fix  the  places  of  your  stars  by  photography  ? 
It  gives  results  more  precise  than  any  meridian  instrument, 
and  from  these  precise  places,  you  may,  if  you  wish,  find  out 
the  positions  of  the  Earth's  equator  and  orbit,  but  do  not  mix 
your  ideas  and  put  the  cart  before  the  horse. 

How  is  it  that  sidereal  astronomy  has  got  so  involved?  I 
think  the  difficulty  grew  in  this  way.  Precise  astronomy  com- 
menced about  1750.  It  is  interesting  to  note  that  the  oldest 
catalogue  that  the  astronomer  keeps  on  his  working  shelf  is 
for  the  epoch  1750  and  was  compiled  from  Lacaille's  obser- 
vations made  in  Strand  Street,  Capetown,  with  a  J/^-inch 
telescope.  The  other  star  catalogues  between  1750  and  1800 
are  due  to  the  labors  of  Bradley,  Mayer  and  Lalande.  But 
the  work  of  these  four  astronomers  is  remarkable  in  this,  that 
although  they  made  the  observations,  they  did  not  reduce  them. 
The  prison-house  of  variable  right  ascensions  and  declinations 
was  not  yet  ready.  But  early  in  the  nineteenth  centur\% 
Bessel  got  all  into  ship-shape  order.  Bessel's  aptitude  for 
all  the  problems  of  spherical  astronomy  was  marvelous;  so 
that  to  a  subject  which  seemed  unwieldly  in  its  clumsiness,  he 
managed  to  fit  formulas  of,  when  the  complexity  of  the  subject 
is  considered  remarkable  neatness.  The  relief  was  so  great 
that  astronomers  accepted  the  fetters  gleefully.  Bessel's 
star-reduction  numbers,  which  are  published  in  every  astro- 
normal  ephemeris,  provide  for  the  aberration  of  light,  nuta- 
tion in  latitude  and  longitude,  and  the  precession  of  the  equi- 
noxes. Thus  encouraged,  astronomers  soon  reduced  the  ob- 
servations of  Lacatlle,  Bradley,  Mayer  and  Lalande  to 
mean  epochs.  So  long  as  the  stars  concerned  are  not  very  near 
the  poles  of  the  rotating  sky,  and  the  period  does  not  exceed 
one  centur>%  the  precession  formulae  are  not  too  unwieldy. 
One  has  to  calculate  for  both  right  ascension  and  declination 
the  first  term  of  the  precession  which  will  be  multiplied  by  t, 
the  time  elapsed,  then  the  secular  variation  which  is  to  be 
multiplied  by  f/200,  then  the  third  term  of  the  precession, 
which  will  be  multiplied  by  t^.    It  is  true  that  for  many  thou- 
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sirl  of  stars  these  precessional  temvs  are  already  calculated, 
i'^I  all  that  remains  is  for  the  user  of  a  catalogue  to  do  the 
'  v.tip'.ication  by  /,  t'/200,  and  /'.  But  the  labor  of  making 
4'  tiu'^e  calculations  is  prodigious  and  it  is  all  done  to  impress 
i".  iri:iuinar>'  motion  upon  the  fixed  stars.  This  motion  makes 
t:  -liflfwrtilt  to  compare  the  places  of  stars  in  different  cata- 
i  *;::cs.  Thus  we  have  in  catalogues  the  following  positions 
t  :  «  ifnt*nis: — 

*  -*-•  ♦«<•  E|M»ch.  R.  A.                             Dec. 

l*:*M'i       iHoo  5h  2C>ni  ^'^6  —  x"  20'  27'* .2 

i  '  -.vh   A-^^KTiation    1850  5  ^8  36 .22  —  1    18     6  .5 

*  •;<        1900  5  31     8.36  —I    15  56.5, 

:-  i.-atinij  chan*:e  in  one  centur>'  of 

R.  A.    -f  s"  4-.70  Dec.    -r  4   Jo"?. 

whrrras  the  real  movement  of  the  star  in  that  time  has  only 
Urn  \\"Mt^  in  all:   the  rest  is  fictitious. 

The  use  of  the  moving  or  equatorial  co-ordinates  of  right 
aMtn^ion  and  declination  is  inevitable  for  some  purposes,  such 
t^  in  ckrtermining  the  places  of  the  Sun,  the  interior  planets, 
Wrcury  and  I'cnus,  and  the  clock-stars;  for  finding  with  an 
f'l.iti.rial  telesco[)e,  rough  e<|uatorial  co-ordinates  such  as  can 
*ir  read  off  a  gcHxl  star  n«p  by  inspection  are  all  that  are 
Tt-i  nire<l  Why  should  we,  therefore,  impose  moving  co- 
■  -'1  mates  on  millions  of  fixed  stars  because  we  require  moving 
'■— i»rdinates  for  the  Sun  an<l  a  few  planets  and  clock-stars? 

I  think  that  the  reason  astronomers  have  kept  to  moving 
^►M.nlinatcs  was  a  belief  that  the  use  of  galactic  co-ordinates, 
t'.  i^in  a  tenn  suggested  not  only  by  the  nature  of  the  problem, 
I'll  h\*  Sir  John  Herschel,  would  lead  to  formulas  of  even 
^'rraier  complexity  than  those  given  by  Bf-ssel.  When  I  pro- 
:»-vtfi  thr  use  of  galactic  co-ordinates,  a  well-known  astron- 
«'-t--  wn>te  me  that  the  idea  was  attractive,  but  that  no  one 
»ii:M  I<*ok  further  unless  numerical  examples  showing  how 
it  WMfkcd  in  practice  were  forthcoming.  I  must  confess  that 
»h<n  I  tiM>k  up  this  challenge  I  was  not  too  confident  that  the 
f-rrnilas  woidcl  work.  In  the  result,  I  was  agreeably  sur- 
:*^^e*i ;  the  resulting  expressions,  even  in  the  most  disadvan- 
Uee<»«s  cases,  are  hardly  longer  than  the  old  metho<ls,  and  in 
»-^  mfter<  thev  are  shorter  and  sometimes  verv  much  shorter. 
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If  this  was  the  only  gain,  it  would  be  considerable,  but  the 
real  gain  is  behind  this ;  the  positions  furnished  by  the  galac- 
tic co-ordinates  are  final ;  comparisons  betwixt  star  catalogues 
will  become  immediate.  To  work  out  a  proper-motion  of  a 
star  to-day  requires  hours  if  not  days  of  work,  because  of  the 
fictitious  movements  impressed  upon  it.  With  galactic  co- 
ordinates, the  comparison  will  be  the  work  of  minutes,  and 
will  moreover  yield  the  proper-motion  referred  to  its  natural 
plane. 

One  cannot  but  regret  that  in  planning  the  great  Cartc-du' 
Civl  the  advantages  of  a  projjer  system  of  co-ordinates  were 
ignored.  Let  us  look  at  the  difficulty  which  the  system  adopted 
leads  to.  To  take,  as  an  example,  the  Cape  Cartc-dU'Cicl 
Catalogue,  we  learn  from  Mr.  Hour.n's  last  report  that  it  will 
fill  eleven  quarto  volumes  and  give  the  positions  of  about 
990.000  stars  in  all.  At  the  same  rate  the  complete  sky  Carte- 
du-Cicl  catalogues  will  furnish  the  places  of  some  13,500.000 
stars.  These  are  all  to  be  referred  to  the  mean  equator  and 
mean  equinox  of  u^oo.  If  the  catalogue  is  repeated,  as  is  the 
implied  intention,  in  another  century  (or  less  as  I  hope),  and 
it  is  referred  to  its  mean  epoch,  any  comparison  between  the 
two  catalogues  will  be  extremely  laborious  because  the  effect 
of  precession  on  the  so-called  standard  co-ordinates  is  complex. 
But  let  us  assume  that  instead  of  13.500,000  stars  there  are 
only  8,000,000  catalogued  and  that  each  star  can  be  eflfectively 
compared  in  ten  minutes  of  time,  then  the  complete  compari- 
son will  occupy  one  man's  full  time  for  555  years,  and.  at  the 
moderate  salar}'  of  £200.  cost  £110.000.  I  fear  that  there  is 
a  danger  here  in  that  the  Cartc-du'Cicl  scheme  is  strangling 
itself  so  far  as  useful  work  goes  by  adding  so  enomiously  to 
its  load  of  inertia.  Had  the  places  been  referred  to  the  galac- 
tic system  by  the  use  of  galactic  plate  centers  and  secular 
co-ordinates,  comparisons  would  be  practically  instantaneous. 

There  is,  however,  a  saving  clause.  When  the  CartC'du-Cic! 
scheme  w^as  started  in  the  i88o-i8(/)'s.  astronomers  tacitly 
assumed  (forgetting  rKocTOR's  work)  that  each  star  moved  on 
its  own  —  was  an  individuality  distinct  from  its  neighbor- 
ing stars;  an  assumption  engendered  by  the  known  motions 
of  the  brighter  stars  then  most  studied.  To-day  it  is  known 
that  stars  are  traveling  in  communities  and  that  the  number 
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•  ■:  tht^-  communities  is  not  lar^c ;  that  they,  perhaps,  can  be 
c  :".tc*l  on  the  finders  of  one  hand;  but  it  would  not  matter 
if  there  were  one  thousand  communities — it  is  much  easier 
!••  (Iral  with  one  thousand  communities  than  with  13.500.000 
:-  :ii<hia'^:  and  it  is  also  known  that  the  number  of  large 
'  *-  rratic  pn>]K.r-motion  stars  is  ven-  restrained.  Hence,  the 
'f  S  \,iliie   of   the    Cartc-dU'Cicl  consists   in   its    photographs 

•'  rr.cir  enlarucments :  in  fact,  in  the  CartC'dU'Cicl  and  not 
■n  thr  \  iace<  of  stars  derived  from  it.  Examination  of  these 
L  r\'s  taken  at  <lifferent  dates  by  means  of  superposition  and 
:'  tcf.'in  in  an  enlarging  lantern  or  by  a  blink-apparatus  (as 
-:j  >  l>\  Me'^sr>.  Zkiss)  will  at  a  glance  discriminate  those 
-•  ;r^  uhich  are  moving  "out  of  community."  Measures  of  these 
ir.I  f>f  (J  few  of  those  moving  **in  community"  will  give  all 
the  inf"<nnatiun  as  to  these  motions  which  is  required.  By 
th-N  nrauN  instead  of  measuring  on  an  average  three  hundred 
*?-tr-  \KT  Muiare  degree.  alK>ut  eight  or  nine  will  suffice.  The 
<i\!'i'^  tHHu  this  j)oint  of  view  alone  is  forty-fold. 

\  Mii^rrticial  criticism  is  that  the  galactic  plane  is  not  rigidly 
-^irkttl  on  the  sky.  Hut  is  the  equator?  The  fonner  is  de- 
'^'v-'i  t>\  the  galactic  latitudes  of  the  stars  at  the  chosen  ep(Kh 
ir.;  at  later  ti>ochs  by  such  latitudes  as  will  re<luce  the  totality 
■••  :  r  •;K.'r-motions  (freed  from  the  effect  of  motions  of  tlie 
-  ";-  NN^ternt  to  a  minimum.  To  this  plane  must  be  referred 
:**••  c  r..*..r  an<l  e<|uinox  of  the  Earth,  and  not  vice  irrsa.  In 
t' '  *'it::'c.  star-places  will  be  determined  solely  by  photog- 
'!-  *\  htit  to-<lay  we  are  in  a  transition  period  and  one  of 
r\./r\.  Uiit  where  the  ultimate  victory  will  be  is  not  uncer- 
u  '}  If  we  l«x»k  over  r»<»ssV  Preliminary  Star-Catalogue,  we 
NTx  that  with  hundre<ls  of  obser\'ations  spread  over  a  century. 
«c  r:;ay  h*»;xr  to  know  such  a  well-ol)served  star's  place,  as 
*':frT»incd  with  meridian  instnunents.  with  an  accuracy  of 
i*.  -It    *  o".03  at   the  center  of  gravity  of  the  observations. 

•  -I  r  o".i  forty  years  afterwanls.  Profe^^sor  Kaptkvn,  in 
'•  -.-iirm:^  phot<»graphs  of  the  Hyadcs  group  of  stars.*  fin(N 
."  ;i  rnracy  as  great  from  one  set  of  plates;  whilst  Mr.  F. 
•^  •  •  M.  in  measuring  the  f>arallax  of  X0711  Ccmhiarum  (2), 
*-*  '^  3^  pr»4iahle  error  of  _+:  o''.oc>7  from  observations  spread 

-iff  !f  >-  than  one  year.     It  might  be  objected  that  the  photo- 
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graphic  measures  are  differential  measures,  which  are  always 
more  accurate  than  absolute  measures,  but  it  is  probable  that 
these  differential  photographic  measures  can  be  continued 
around  the  sky  in  belts  and  the  triangulations  closed  with  all 
possible  accuracy.  At  the  present  time  Professor  H.  H. 
Turner  is  trying  various  methods  of  finding  the  absolute 
places  of  stars  by  photography  at  the  University  Observatory 
at  Oxford.  The  results  so  far  obtained  are  encouraging,  but 
as  might  be  expected  with  any  new  method,  various  difficulties 
arise  and  have  to  be  combated.  It  is,  however,  quite  doubtful 
if  the  probable  error  of  a  well -observed  meridian  star  above 
given,  o".05,  means  anything,  because,  after  all,  it  depends 
on  the  position  of  the  equinox,  a  very  elusive  point  indeed. 

I  have  laid  the  advantage  of  using  galactic  co-ordinates 
before  astronomers  in  Circulars  Nos.  2,  5  and  6  issued  by 
the  Union  Observatory.  In  Circular  No.  2,  the  necessary 
formulas  are  developed  and  tables  given  for  the  conversion 
of  mean  equatorial  co-ordinates  to  invariable  galactic  co- 
ordinates for  any  year  from  1750  to  1950,  with  a  special  table 
for  the  conversion  of  true  equatorial  co-ordinates  to  invariable 
galactic  co-ordinates  or  z^ice  versa  for  the  current  year  19 13. 
The  processes  are  illustrated  by  numerical  examples. 

The  most  thorough  investigation  of  the  position  of  the 
galactic  plane  was  made  by  Newcomb  and  published  in  1904 
under  the  title  **C)n  the  Position  of  the  Galactic  and  Other 
Principal  Planes  Towards  Which  the  Stars  Tend  to  Crowd." 
Unfortunately,  the  principal  galactic  plane  cannot  be  found 
very  precisely  because  the  Milky  Way  is  a  very  irregular 
aggregation  of  stars,  throwing  out  wisps  and  branches,  whilst 
the  zone  of  brightest  stars  is  considerably  inclined  to  it. 
Newcomb  gives  the  following  poles: — 


Galactic  plane   (omitting  branch)    . 
Galactic  plane    (including  branch) 
Plane  of  Vth  type  stars   


R.  A. 

Dec. 

l92^8 

-f  27".2 

191 .1 

26  .8 

190 .9 

26.7 

It  is  known  that  stars  of  the  fifth  type  (bright-line  spectra) 
are  all  close  to  the  principal  plane,  but  their  number  is  small. 
It  has  further  been  assumed  that  the  solar  system  is  in  the 
principal  plane.     But  it  is  not  a  matter  of  great  importance  if 
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•".  c-  as'^umrd  |x)sition  of  the  plane  is  in  error  so  long  as  it  is 
"ci'*)  correct,  as  any  small  error  can  easily  be  allowed  for 
Al.tn  the  pn>j»^ess  of  astronomy  requires.  The  total  change 
•1  r.tr.y  thousands  of  years  will  certainly  be  less  than  the 
/  ..'•;:e  in  all  the  present  star  catalogues  every  fifty  years* 
tj.:-ol  by  the  fictitious  precession  of  the  stars. 

!w^:ilc^  the  jx)sition  of  the  plane,  it  is  necessar}'  to  adopt  a 

*  •  .•^urc  \yinx\X  from  which  longitudes  are  to  be  counted,  and 
!  J-  .»»ivit»us  that  this  must  be  a  fixed  |)oint.    The  point  actually 

-<ii  is  that  one  which  in  this  age  will  make  the  longitude 

\  the  ajKx  of  s(»|ar  motion — the  direction  towards  which  the 

>  "1  i^  moving — equal  to  o'^.     This  |)oint  is  chosen  because  a 

.  •  M.'crablc    |M)rtion    of   the   profx^r-motions    of   the    stars    is 

.1  v:.i'*\  due  to  the  solar  motion  through  space  and  it  renders 

*  ••.  t-ntvt  of  this  motion  in  a  uniform  manner,  in  that  generally 

i-rijicr-motions   so  far  as  they  are  caused  by  the   Sun's 
"   *   Ti.  icn<I  toward   180^  of  galactic  longitude.     Here  again 

*  .-.  -^^jirumi^e  has  had  to  be  made,  because  the  apex  of 
-  .ir  nviijon  depen<ls  on  the  class  of  stars  to  which  it  is 
'•^rr.«l.  I  have  adopted  for  1900  the  position  of  the  apex 
'  K  "  *H'n<leci  by  Dr.  (\\mpbkll  of  the  Lick  Observatory, — 
"-  C.\.  R.  A.  18^,  Dec.  -!-  30" — and  for  the  plane,  Xewcomb's 
'!'Vr'  mation.  inclu<ling  the  branch,  so  that  we  have — 

»'    -     n^   n.Hlc  .   281*    6'  o'.oo  -u  M^f  hlT  —    6''.88  7^ -(-  ©".ifib  r» 
•  ■:!■  n  . .     63    u   o  .00  -f  1967  .18  r  —    4  .56  T'  —  O  .145  T* 

""'c  fH'int   .     2^    ^$27  .2(i  -\~     4.V  -|0  T'  -I-  22  46  r=  —  o  .128  7  « 


;-  Ahjvh  T  indicates  solar  centuries  after  i<)oo,  assuming  as 
.  'rt;t  N'mviumb's  variation  of  the  Earth's  equator  and  orbit. 
1-1  I  iroilar  Xo.  5,  the  advantages  of  using  a  fixed  system 
•:  -  -'»rdinates  in  planetary-  theories  is  insisted  on,  and  for  this 
"x'-i  "XMtTU.  there  is  no  reason  why  the  galactic  system  should 
•■  •    Ir    UM"<!.      If  anything,  the  simplifications  which  would 

•  -  l»c  intnxluceii  into  the  planetarv'  theories  are  more  con- 

•  'T-ihle    than    those   already   dealt    with.      At   simplest,   the 
■  .•■  •n-*  of  planets  and  comets  are  complicated,  but  this  com- 

at:  n   is  vastly  increased  by  adding  onto  their  motions — 
'•  •*!  in  their  orbits  and  of  their  orbits— other  imaginanr'  mo- 

•  •  *.  as  is  <lonc  at  present. 

I",  lircular  Xo.  6.  it  is  shown  that  if  even  a  precise  daily 
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ephemeris  of  a  star  in  equatorial  co-ordinates  is  required,  which 
appears  to  be  the  most  unfavorable  case  for  the  use  of  galac- 
tic co-ordinates,  one  can  be  easily  and  rapidly  computed 
without  any  knowledge  of  the  star's  imaginary  mean  right 
ascension  and  declination ;  as  an  example,  an  ephemeris  of 
tOrianis  is  computed  for  the  current  year  (1913). 

Astronomers  have  been  quite  aware  of  the  awkwardness  of 
referring  the  stars  and  planets  to  rapidly  shifting  planes,  and 
some  attempts  to  get  over  the  chief  difficulties  have  been  made. 
Thus,  the  late  Dr.  Ristenpart  proposed  that  the  equinox 
should  be  changed  every  twenty-five  years,  and  he  would  call 
1875,  1900,  1925,  etc.,  normal  equinoxes.  He  has  published 
tables  for  the  normal  equinox  of  1925.  His  idea  would  save 
some  work,  but  not  much ;  it  is,  in  short,  only  a  palliative. 
The  astronomical  ephemerides  do  something  in  the  same  direc- 
tion. As  an  example,  I  will  deal  with  the  issue  for  191 5  of 
the  celebrated  Cannaissance  dcs  Temps,  which,  as  it  proudly 
boasts,  is  the  oldest  astronomical  almanac  now  published,  as  it 
first  appeared  in  1679  and  has  never  suffered  an  interruption  ; 
besides  this,  it  has  always  been  brought  up  to  date  so  punctually 
that  it  might  also  claim  to  be  the  youngest.  For  the  Sun,  the 
Connaissancc  dcs  Temps  furnishes  the  longitude  and  latitude 
for  date  and  for  the  mean  equinoxes  and  ecliptics  of  191 5  and 
1920 — three  where  one  would  do.  Similarly  for  the  planets, 
the  heliocentric  co-ordinates  are  referred  to  the  Earth's  true 
equinox  and  ecliptic  of  date,  and  to  the  mean  equinox  and 
ecliptic  of  1920.  For  732  minor  planets  the  Gaussian  Con- 
stants and  their  variations  are  given.  It  seems  illogical  to 
speak  of  constants  varying;  they  really  do  not  do  so;  never- 
theless, 4,392  annual  variations  are  specially  computed  for 
191 5.  If  galactic  co-ordinates  had  been  introduced,  it  is  only 
three  annual  variations  that  would  have  been  required — a  sav- 
ing of  4,389  out  of  4,392.  Lastly,  for  the  stars,  the  elements 
of  reduction  are  given  for  the  mean  equinox  and  equator  of 
191 5  and  also  for  1920.  And  when  one  has  got  to  1920.  the 
labor  of  Sisyphus  will  still  go  on,  but  the  mountain  gets  a 
little  steeper  each  time. 

Union  Observatory,  Johannesburg,  1913  June  26. 
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11.ASSIFK  ATiox  OF  variahlf:  stars. 


Bv  Sidney  1).  Townley. 


In  1S80  Professor  E.  C.  PicKEftiNG  proposed  a  classification 
I  \.-inabk:  stars  as  follows:* 

I  TcTr.i>orar}'  stars.  Examples,  Tycho  Brahk's  star  of 
:572,  new  star  in  Corona,  i8<^)^). 

IF  Stars  un<ierjjoin^  j^reat  variations  in  light  in  {)criods  of 
several  nitHiths  or  years.     Examples,  o  Ccti  and  x  C\\i^ni. 

Ill  Stars  undergoing  slight  changes  according  to  laws  as 
»tT  n'iWnt>wn.     Examples,  a  Ononis  and  a  Cassiopci<c. 

\\\  Stars  wh<tse  light  is  continually  var>'ing.  but  the  changes 
ire  rciK-ate<l  with  great  regidarity  in  a  period  not  exceeding  a 
:V»  flays.     Examples,  fi  Lyra:  and  8  Ccphei, 

\'  Stars  which  every  few  days  undergo  for  a  few  hours  a 
rr'':arkahlc  diminution  in  light,  this  phenomenon  recurring 
»'th  ;:Teat  regularity.     Examples,  p  Persci  and  SCancri. 

Thi^i  clasvification  is  rcstatetl.  in  somewhat  different  lan- 
C"a;:e.  in  the  preface  to  the  Preliminary  Caialoi^ue  of  I'ariablc 
Stjrr^  publisheti  by  Harvard  College  Observatory'  in  i(p2.- 
SuNIivisions  of  classes  II  and  I\'  are  suggested,  but  they  are 
Ti<4  use<l  in  the  catalogue  nor  are  they  used  or  mentioned  in  the 
Second  Cdtaloj^uc  of  lariable  Stars,  published  in  icpT).* 

S»  far  as  I  know,  this  classification  has  not  been  used  in  any 
cjtal.njuc  except  those  published  by  Harvard.  Schonfeu). 
FH^^ltLKR.  and  (ioRE  used  no  classification  in  their  catalogues. 

In  the  Catalogue  des  Eioilcs  I'ariahics,  issued  annually  by 
the  Pkureau  des  I-ongitudes,*a  classification  is  used  which  dif- 
fers Mxnewhat  from  Pickering's.    It  is  as  follows: — 

T>j*  I.  N'ariables  of  long  pericxl. 

T>pe  II.  Variables  of  short  perio<l. 

T\\ie  III.  X'ariables  of  Al^ol  type. 

T\]»e  I\*.  X'ariables  of  antalgol  tyinr. 

Ty]>e  V.  X'ariables  of  irregular  variations. 

'  *,  .ftunit  i'f  tkr  .-Im^rirdN   .'lijJrmv  of  .Arts  and  S\i^nces,  M,   17.   ,157. 

*  4»«.*ii  .»♦   Hsrtmrd  iifUfge  Ohterxotory,  4M«  04. 

*  4»**.j     '   Harxard  ColUie  Ohjerz  alory,  8S»   1. 
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In  the  Kaialog  und  Ephcmcridcn  vcrdndcrlichcr  Sterne,  pub- 
lished annually  in  the  Vierteljahrsschrift  der  Astronomisch^n 
Gesellschaft,  no  classification  is  used  in  the  catalogue  part,  but 
for  convenience  of  reference  four  additional  parts  are  given 
containing  the  various  subdivisions  of  short-period  variables, 
a  tenn  not  now  altogether  applicable.  These  subdivisions 
diflFer  from  those  of  the  two  classifications  mentioned  chiefly 
by  the  fact  that  stars  of  the  P  Lyra:  type  are  set  oflF  by  them- 
selves, a  proceeding  which  is  perfectly  legitimate  for  the  pur- 
poses of  an  ephemeris. 

Mr.  A.  Stanley  Williams  has  recently  proposed  a  new 
classification  which  he  calls  a  natural  system.*  The  classifica- 
tion is  as  follows: — 

Order  I.     Binar}'  or  compound  variables — 

a.  Algol  type,  in  which  the  variation  is  caused  by  eclipses, 
but  the  secondary  minimum  is  either  not  apparent,  or 
else  is  small  in  comparison  with  the  primary  minimum. 

b.  p  Lyrce  type.  V^ariation  caused  by  eclipses,  the  sec- 
ondary minimum  being  marked  and  e(|ual,  or  nearly 
equal,  to  the  principal  minimum. 

c.  Cepheid  type — 

i.  Stars  like  8  Cepliei, 

ii.  Stars  of  the  exaggerated  8  Ccphei  type  of  variation, 
termed  "Antalgol'*  or  ^'cluster  type." 

d.  Irregular  short-period  variables — 

i.  Stars  like  U  Geminorum^  having  some  appearance 

of  periodicity, 
ii.  Rapid    irregular    variables,    like    RX  Andromcdcr, 
without  definite  signs  of  periodicity. 
Order  II.     Long-period  variables — 

a.  o  Ccti  type. 

b.  Stars  like  o  Ccti,  but  having  a  pronounced  double  maxi- 
mum. 

c.  ? 

Order  III.     Irregular  variables — 

a.  All  irregular  variables  other  than  rapid  irregular  vari- 
ables included  under  I,  c/,  ii. 

b.  Xoxcr. 


'  77u'  Journal  of  the  British  Astronomical  Association,  28*  133. 
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\'tH<iii;^h  something  may  be  said  in  favor  of  this  proposed 
X  v^:r*:oaiion.  yet  on  the  other  hand  there  are  some  points  that 
".i*.  lie  urj^ed  aj^in^^t  it.  Much  has  been  learned  in  recent 
.t  '^  concerning   variable   stars,  but   there   is   j)erhaps   some 

.^:i  -n  as  to  whether  or  not  we  are  yet  in  possession  of  suf- 
vt!i:  kn«»\\ledj^.»  concerninj^  the  causes  of  variation  to  enable 
',*^  i.t  work  out  a  "natural"  system. 

i'^c  two  fundamental  statements  upon  which  Wilija.vis 
'..-<N  hi-'  cla^'^ihcation  are  both  open  to  question. 

A  "The  variability  of  all  eclipse  variables  and  all  short- 
-H"  -I  vanablts  of  the  h  Ccphci  tyi)e  is  due  directly  or  indirectly 
t  •  t*K  rovoUitions  of  two  or  more  stars  around  their  common 
vfur  «'r  centers  of  jijravity.     In  other  words,  we  are  in  the 

•  't  -i*x-e  lif  a  binar\'  or  multiple  system  of  bodies." 

"^:n.  c  the  alxne  statement  was  written,  Mr.  Harold  Shap- 
l..i^  published  two  interesting  papers^  on  tlK*  variables 
K'  i\/ii  cU^pardijlis,  SZ  Tiiuri,  and  S  Antliiv,  h  Ccphci  or  {  Gem- 
:■  ':.rn  i\|K*s  of  Stars,  in  which  he  shows  that  the  variation 
•■  V'-Lihine^s  of  these  stars  can  be  satisfactorily  explained  on 
;*v  I  \]»* -thesis  that  they  are  rotatin<^  ellipsoids.  If  this  should 
t'  \c  ti»  I>e  the  true  explanation,  then  they  are  probably  not 
"in.N  at  all  and  the  statement  quoted  al)ove  would  not  be 

i*  "X'anables  of  lonj^^  f)eri(Kl,  like  o  CV/i.  are  not  due  to  the 
't\  sunns  of  the  members  of  a  binary  or  multiple  system  of 
*•■;•<  s.   hut    the    variability   is    probably    inherent    in    isolated 

V    '^<S     *' 

'!>  nia\  Iv  taje,  but  as  Mr.  Williams  points  out.  **only 
a  f  u  h^n-^'-m'riod  variables  have  had  their  radial  motions  in- 
M^: V'.ttcd  by  means  of  the  si>ectrosco|K.'."  it  would  seem  that 
t*:-!!^' r  pr<H>f  of  this  statement  is  desirable  l>efore  it  can  be 
vm.I  as  a  Iwsis  of  a  classification  of  variable  stars. 

S-"'t    further   f)oints   ap^ainst   the   profK>sed   system    are   a*v 

•  ".  .A  s : — 

I    U  !irn  it  l>ecomes  fK^ssible  to  classify  variables  accordinp^ 

•  •  *h.-  causes  of  variation,  it  will  pn)bably  be  necessar>'  to  pivc 
•*:■  t!:r  tenns  'Monjj-jK'riocr*  and  **short-i>erio<l,"  yet  Mr.  Wil- 
i:ms  retains  lx>th  these — one  of  them,  to  be  sure,  only  as  a 
*"*»  hrad.    The  variable  which  has  the  lonpest  peritxl,  c  Aurii^cc, 

'      ^lAi   ry   BulL'lim,   t,   71;     .fj.'f.'n    misihf    \a.  hrti  ht^n.    IM,    .153. 
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period  9,905  days,  is  not  a  ** long-period'*  variable,  but  an  Algol 
type. 

2.  Mr.  Williams  divides  the  irregular  variables,  some  being 
under  Order  I  and  some  under  Order  III.  The  velocity  in 
the  line  of  sight  has  been  determined  for  but  five  irregular 
variables — o  Cassiopcur,  a  Orimiis,  R  Corancc,  a  Hcrculis,  and 
/*  Ccphci.  Two  of  these  prove  to  be  binaries,  one  probably 
binary,  and  two  not  binary.  Surely,  this  is  small  evidence  upon 
which  to  divide  irregular  variables  into  binaries  and  not  binaries. 
It  may  be  of  interest  to  point  out  that  the  two  binaries,  a  Ononis 
and  /*  Ccphci,  and  the  one  probably  binary,  a  Hcrcidis,  do  not 
show  rapid  fluctuations  of  light,  and  hence,  according  to  Wil- 
liams's classification,  would  not  be  classed  as  /'binary  irregular 
short-period  variables,"  but  would  fall  into  the  all-inclusive 
order  III  a.  They  are  binaries,  but  would  not  be  classed  as 
binaries. 

What  right  have  we  to  classify  U  Gcminorum  and  RX  An- 
dromcdce  as  binaries  when  neither  their  velocities  nor  the 
velocities  of  any  stars  of  similar  fluctuations  have  been  ob- 
served ? 

Can  we  properly  call  a  system  a  ^'natural"  one  in  which  it 
is  necessary  to  provide  a  **negative"  class  into  which  are  put 
all  stars  that  do  not  fall  into  the  other  classes?  Williams's 
Order  III  a  is  of  this  kind, — **all  irregular  variables  other  than 
rapid  irregular  variables  included  under  I,  d,  ii." 

3.  Williams  puts  Xoz'cc  under  Order  III — irregular  vari- 
ables. Is  this  logical?  A  phenomenon  in  order  to  be  either 
regular  or  irregular  must  be  repeated.  No  Xotxi  has,  so  far 
as  known,  made  more  than  one  appearance.  These  phenomena 
are  all  similar,  a  rapid  increase  of  brightness  followed  by  a 
more  gradual  decline,  interrupted  by  minor  fluctuations,  into  a 
state  of  former  faintness  or  invisibility.  What  is  irregular 
about  this?  If  a  circus  comes  to  town  but  once  in  the  lifetime 
of  the  oldest  inhabitant  is  that  an  irregular  phenomenon  ? 

4.  Williams  has  apparently  departed  as  much  as  possible 
from  the  Pickering  classification.  For  instance,  Pickering 
put  Xot'ce  in  Qass  I,  while  Williams  places  them  at  the  end 
of  his  classification.  Now,  there  is  probably  no  particular 
reason  why  Professor  Pickering  should  have  put  Xoz'cr  first, 
but  so  long  as  he  did  so  would  it  not  be  a  wise  policy,  unless 
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•  *'K  :s  siMiu*  j^'mkI  reason  for  a  change,  to  stick  to  that  order 
•  :'iSN'ricati<in,  with  which  most  of  us  are  familiar? 

5.  \n\  sy-stem  of  classification  which  calls  for  a  division 
:'  N"h-\laNM.»s  becomes  a  bit  complicated  and  difficult  to 
*-  '•  ■rize. 

i  \cru::re  In  Mij^^est  that  the  followinj^  modified  Pickkrint. 
:  ..--ir'ivMlion  will  answer  all  our  present  needs: — 

1      A  o:xc, 

\\      L<»ii;;-pennd  variables. 
li!      Irrej^ular  variables. 
W       Sh«»rt-i)iTiod  variables, 
cj.  h  Ccphci  type. 
^.  f  Ccminorum  tyjx?. 
t*.  duster  or  antalj^ol  type. 
\       !xlip-e  variables. 

h.  fi  Lyric  ly|K\ 
\  1      M.i'j^ellanic  Cloud  variables. 

t  \i^s  II  mij^ht  Ik*  divided  into  sub-classes,  jwrhaps  as  Mr. 
A::;:\M<  has  sujL^ixe.sted  or  j>erhaps  as  Professor  Pickering 
".^  Mv^:^esicd.  There  is  a  fundamental  difference  between 
(  la^s  III  could  also  be  subdivided. 

if  \\  Nhonld  l>e  thought  <lesirable  to  ^ive  up  the  terms  "lon^- 
'<"  A"  and  "Nbort-peri<Hl."  then  Class  II  mi^ht  Ik*  called  "non- 
:*  :'  T-v  iH-ricHlic  variables"  and  Class  I\'  **uniform-|HTiodic 
\  ■'■  iMt-N."  In  this  case  it  would  not  be  necessar\'  to  a<ld  a  sixth 
*■--.  a^  the  Mai^ellanic  C'lou<l  variables  would  then  l)e  put  as 
«  *  ■S-i'.aN-.  (»f  I\\  or  fwrhaps  come  under  the  head  of  cluster 

•  •  '*<. 

i'.'c  '»buction  to  this  terminoIojT^-  is  obviously  that  eclipse 
.  :'v*»!»'N  are  unifonidy  |K*riodic.  althouj^h  not  classed  under 
*'  :t  hia«I  (lavs  \'  mijijht  be  dropi)ed  and  fuit  in  as  a  sub-class 
•:  I\ 
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IXTERXATIOXAL    MEETINGS    OF    ASTROXOMERS 
IX  GERMANY. 


By  W.  VV.  Campbell. 


It  was  my  duty  and  pleasure  to  attend  the  meetings  of  the 
International  Solar  Union  at  Bonn,  from  July  30th  to  Au«n^ist 
5th,  inclusive,  and  the  meetings  of  the  Astronomische  Geseil- 
schaft  at  Hamburg,  from  August  6th  to  9th,  inclusive.  Th^^ 
incidents  of  the  meetings  divide  naturally  into  two  classes: 
those  relating  to  the  hospitalities  extended  to  the  members  of 
the  Solar  Union  and  of  the  (iesellschaft,  and  those  relating 
to  the  scientific  proceedings.  The  formal  meetings  gave  con- 
sideration to  many  interesting  and  important  questions,  but 
the  hospitalities  enjoyed  were  indeed  remarkable  in  number, 
perfection  of  arrangements,  and  suitability.  The  personal  side 
may  well  be  referred  to  first. 

The  members  of  the  Solar  Union  and  their  friends  came  to- 
gether for  the  first  time  at  a  recL^ption  and  banquet  extended 
by  the  City  of  l>onn.  on  Wednesday  evening,  July  30th,  in  the 
large  hall  of  the  Lese-und  Erholungs-Gesellschaft,  on  the  shore 
of  the  River  Rhine.  Greetings  of  welcome  wxre  extended  by 
His  Excellency,  the  Biirgermeister  of  Bonn,  and  appropriate" 
addresses  were  also  made  by  the  Rector  Magnificus  of  the 
University  of  Bonn,  and  others. 

The  members  of  the  Union  and  their  friends  were  received 
in  the  garden  of  the  historic  Bonn  Observatory  by  Director 
and  Frau  Kustxf.r  on  Friday  evening.  An  opportunity  was 
at  the  same  time  afforded  to  inspect  the  instruments  and  cur- 
rent work  of  the  observatory.  The  astronomers,  recalling  the 
exceeding  fruit  fulness  of  the  Bonner  Stern  warte  under  Arcfj- 
ANi  F.R,  SciioxFEM),  and  KrsT.NFR,  felt  that  they  were  upon 
hallowed  ground.  The  reception  will  be  remembered  as  a 
perfect  and  charming  event. 

We  were  the  guests  of  the  city  of  Cologne  on  the  afternoon 
and  evening  of  Saturday.  August  2d.  There  were  opportuni- 
ties to  see  the  cathedral  very  completely,  including  the  great 
collccticMi  of  treasures,  the  Rhine  bridge,  and  the  picture  gal- 
lery.    A  magnificent  bancjuet  was  tendered  in  the  hall  of  the 
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'/(•iich.   within  the   Kathaus.     This  was  presided  over  by 

>  l.\ctlk'iK*\.  the  llur^ermeister  of  Cologne. 

.*'•  excursions    were   arranged    for    Stnidav.    Aiii^iist    ^v^  • 

:.  «:i  .l;lt.»I.^'l>iIe  excursion  acr(»s  country,  in  cars  pn)\i(lc*i 

.:::/t!is  nf  lUmn,  via  the*  interesting  volcanic  rej^ions  lying 

::*Ai-ttr!y  from  Cohlenz,  and  on  to  the  city  of  Cochem  in 

'•!  -cl   XallcN.  where  luncheon   was  served:  thence  down 

*'   ^r\   \  al.ey  to  it>  junction  with  the   Rhine  at  Cohlenz, 

1    '.*:  the  left  hank  of  the  Khine  to  Bonn ;   and    secondly, 

•'    '<    wli  »  {.referred,  a  walking  tour  through  The  Siv'lxMi 

"^  ■      My  choice  fell  with   the  motor  excursion.     Again, 

■  .*tiltd  jilan^  of  the  long  trip,  covering  a]>proximately 
'M'-'PHler'-,  were  arranged  and  executed  with  German 
■\:'"v*^^:    the  rcaiN  were  perfect:    the  views  were  such 

' '\    ih'»^e    who   have   motored    in    the    Mo*^el   and    Rhine 

-  c  iU  ade»iuately  realize,  and  the  events  made  up  a  red- 
'    ii\      'ihe  pe<Iv'strians  were  likewise  enthusiastic. 

*..•  or«.\\nini4  Mnrial  tvent  of  the  meetings  was  f^rofe^^sor 
-•  I  ^  txrur^inn  t)n  the  Rhine,  from  lionn  southward  nearly 
''!tTi/   and   return,  between   the  hours  of   four  and  ten 

-*.\  e\tnini^.  .XugU'^t  5th.  The  spirit  of  Kavskr  had 
-'li  t^H*  li«»nn  melting*^,  and  all  members  who  could  {x^^- 
r.-'M-n  in  l*nnn  until  Tuesday  night  stayed  over  to  accept 

\    ^'  '.t.dit\.     The  large  passenger  boat,  which  the  host  had 

■  «d  \*<  the  occasion,  and  the  t>eautiful  valley  of  the  Khine 
••!i<!   a   I  or  feet   netting   for  the  memorable  events  of  the 

'\;      The  member's  of  the  I'nion  had  lived  an  exceedingly 

•  •••>  lift   f  r  six  days,  and  now  that  the  work  was  done. 

^i'-t    r.ri'lv  In  enit>y  the  views,  embracing  pictures(|ue  vil- 

-    t'u-  K:i:re  terraces,  and  the  mined  ca*^tles.  which  wer^' 

-  'n   -:^''it ;    and   the  ban(pTet.  accom]>anied  by  ^^)eecheN 
:   V  \\n'^\\:\\i{:<  represented  and  by  songs  in  many  of  the 

■  ^'  -.    t' und    ever\h»»dy   entering   into   the   spirit    of   the 

»  '■frUr^  were  dailv  indebted  to  Professors  Kavskr. 
-\^-.   I 'nit. JR.  n!^d    KviKMiKni.  and   to  their  assiNtant^. 

.-Mt'tK^  thon;^htfid  act<  relating  to  the  success  of  the 
*  ^W  I'ttiinsjs  and  to  the  cr>mfort<  and  pleasures  of  tlu* 

!•»*■.  In  response  to  the  re(|uest  of  Profe^^sor  pFi.r'.KR. 
^V  I'   [*-'  irtM'ent  of  the  (ijniian  (lovemment  kintllv   ar- 
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ranged  for  an  exhibition  flight  of  a  Zeppelin  dirigible  airship. 
The  first  session  had  just  begun  when  a  whirring  noise  at- 
tracted the  attention  of  all,  and  a  recess  was  taken  in  order 
that  the  delegates  might  observe  the  evolutions  of  the  dirigible. 
The  ship  passed  several  times  directly  over  the  place  of  meet- 
ing and  the  exhibition  was  most  impressive  and  greatly  enjoyed. 

The  scientific  meetings  were  held  amid  perfect  surround- 
ings in  the  rooms  of  the  Physikalisches  Institut  of  the  uni- 
versity. The  building  had  been  completed  and  occupied  only 
a  few  weeks  prior  to  the  meetings,  and  it  includes  what  is 
probably  the  most  up-to-date  physical  laboratory  in  the  world. 

The  proceedings  consisted  almost  wholly  of  the  reports  of 
the  various  committees  and  of  discussions  on  the  questions 
considered  in  the  reports.  On  this  occasion,  as  at  former 
meetings,  only  a  few  of  the  reports  were  in  printed  form  ready 
for  distribution  to  the  members,  and  as  the  reports  relate 
largely  to  the  technicalities  of  the  subjects,  it  is  not  desirable 
to  attempt  here  a  comprehensive  review  of  the  proceedings.  A 
feeling  has  existed  that  these  reports  should  be  completed,  as 
nearly  as  possible,  in  advance  of  the  meetings  by  correspond- 
ence methods,  and  that  less  should  remain  to  be  done  when  the 
committees  come  together  at  the  stated  meeting  of  the  Union. 
Resolutions  dealing  with  this  phase  of  the  subject  were  adopted, 
and  it  is  hoped  that  the  committee  reports  on  future  occasions 
may  take  final  form  at  the  first  session  of  each  committee,  and 
be  printed  before  formal  presentation  to  the  Union  is  made. 

The  Committee  on  Wave-Length  Determinations  was  able 
to  report  extensive  progress  in  the  three-year  interval  since  the 
preceding  meeting  of  the  I'nion.  In  this  connection,  w^e  may 
mention  Dr.  BiRXs's  determination  of  standard  wave-lengths 
in  the  visual  region  of  the  spectrum  by  means  of  the  inter- 
ferometer, under  the  guidance  of  Professors  Fabry  and 
BuissoN  at  Marseilles,  and  to  his  accurate  determinations  of 
wave-lengths  for  some  4,000  lines  in  the  spectrum  of  iron  by 
means  of  a  grating  spectrograph,  under  the  supervision  of 
Professor  Kayser  at  Bonn;  and,  further,  the  discovery  by 
Dr.  Goos  of  Hamburg  that  the  wave-lengths  in  the  arc  spec- 
trum vary  markedly,  depending  upon  the  part  of  the  arc  which 
•serves  as  the  source  of  light.  On  account  of  the  Goos  phenom- 
enon, the  committee  recommended  and  the  Union  decided  that 
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n  i:ic  (Icicmiination  of  standard  wave-lengths  a  direct  current 
'  :  JJi>  V'lits  should  be  used  in  strenj^th  six  amperes  for  line*^ 
iAh.»-.e  uave-lcnj^hs  are  jjreattr  than  4.000  Angstroms,  in 
^TrtTi^Th  fniir  amjK^res  for  lines  whose  wave-lengths  are  smaller 
than  4.(XK)  Angstroms,  and  that  the  slit  of  the  si)ectrographs 
••■'"•i!*!  receive  light  only  from  a  central  section,  two  milli- 
tr-.terN  long,  of  an  arc  whose  iK)les  are  separated  by  an  inter\'al 
<  :  •-ix  millimeters,  with  iron  electrodes  7"""  in  diameter. 

1  ht  Kcli|)s<.  C'cMnnnttce  reviewed  the  results  of  observations 
at  :*.e  three  unfavorable  eclipses  of  the  past  three  years,  and 
f^Tfed  information  of  value  to  intending  observers  of  the  total 
V-  lar  ecii|>M?  which  will  occur  in  Norway,  Sweden,  and  Russia 

■  •".  th.^  afternoon  of  August  21.  1914.  About  twenty  institu- 
tt-  "N  had  already  signified  their  intention  of  dis|>atching  ex- 
j^/:^'ns  to  various  |>oints  on  the  path  of  totality.  M.  Don  itch. 
•  t  the  St.  Petersburg  Academy  of  Sciences,  has  assumed  the 
t.-i-k  of  supplying  intending  observers  with  more  detailed  in- 
!•  "ration  concerning  conditions  along  the  eclipse  path,  and 
«  f  .i'!\i<int:  as  to  the  choice  of  observing  stations,  in  order 
th  it  jwirties  may  be  well  distributed  to  guard  against  a  total 
tai'*!rc  fnifn  local  clou<ls. 

\t  the  i<)io  meeting,  the  Committee  on  the  Classification  of 
Sii  !lar  SjH'Ctra  was  apiK)inted.  with  principal  duty  to  consider 
ar'd  re|v»rt  U|)on  the  adoption  of  a  system  of  stellar  classifica- 
f.-n  which  should  Ik?  suitable  for  universal  use.  The  com- 
riitcf  re|>orted.  and  the  Union  adopted  these  two  resolutions: 

T'..t  *\  I  Omimittcc  on  tlic  Classit'icatinii  of  Stellar  Spectra  l>e  a^ked 
!  •  *       -f  'i\   co-operation  the  material  necessary  for  the  establishment 

■  •!  J  *>  "tern  that  can  W  recommended  for  permanent  and  universal 
a  '  ••  Tii'n  .  and 

\  \  .'  I"  n,|i;ij{  the  estahlishment  of  Mich  a  system  the  use  of  the  Draper 
i  ;  .^''*K  jii<»n  W  recommended  in  the  ft-rm  described  in  Volume  5(),  paj^e 
'*  ..I  the  Jtttiiils  «»;  the  liiirujrd  L  t^IU'^r  ()f'Stn(lt,*ry .  except  that 
*<«-,  II,  r  in  ."iccur.iie  classihcatii>n.  a  zer<»  be  a<Med  to  letter^  not  fol- 
\  ti.l  ^\  niher  numerals,  and  that  the  absence  of  any  numeral  be 
•jun  to  uidicate  only  a  rouRh  classification. 

To  illustrate:  In  the  so-called  helium  group,  if  the  s|H*ctra 
r. -iem\M!  can  he  assigned  definitely  to  their  places,  the  letter 
n  will  l>e  followetl  by  the  corres|H)nding  numlKr.  as  in  r»o.  Hi. 
V*2,  lU).  but  if  the  assignment  is  nt>t  definite,  the  approx- 
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imate  classification  will  be  indicated  by  the  letter  B  without 
accompanying  numeral. 

The  Committee  on  Solar  Rotation  recognized  that  the  differ- 
ences in  the  results  secured  at  Mount  Wilson,  Ottaw^a,  and 
elsewhere,  as  yet  unexplained,  should  receive  consideration  in 
the  plans  for  further  observations,  and  programs  of  observa- 
tion having  this  end  in  view  were  recommended  and  adopted. 

The  report  of  the  Committee  on  Solar  Radiation  was  based 
largely  upon  the  work  of  the  Smithsonian  Institution  observers. 
Director  Abbot  presented  briefly  the  evidence  which  had  led 
him  to  accept  the  conclusion  that  our  Sun  varies  in  radiating 
power  as  much  as  eight  per  cent  in  the  course  of  a  few  days. 
He  has  further  concluded  that  the  output  of  solar  cnerg>' 
increases  slightly  as  the  sun-spot  areas  increase,  and  zicc 
versa:  calling  attention,  however,  to  the  apparent  fact  that 
temperatures  at  the  Earth's  surface  decrease  slightly  with  in- 
creasing sun-spot  areas.  The  casual  reader  might  conclude 
that  these  results  are  antagonistic,  but  this  is  not  necessarily 
the  case,  for  increased  solar  radiation  may  mean  increased 
cloudiness  in  the  Earth's  atmosphere,  with  consequent  reduc- 
tion of  mean  temperatures  at  the  Earth's  crust.  The  subject 
is  difficult  as  well  as  interesting,  and  I  believe  that  Abbot  rec- 
ognizes the  need  for  further  observation  and  investigation. 

Interesting  reports  were  presented  by  the  Committees  on 
Solar  Prominences  and  on  the  Spectroheliograph.  A  new 
committee  was  organized  to  deal  with  all  visual  observations 
of  the  phenomena  of  the  Sun's  atmosphere. 

About  ninety  astronomers  and  physicists  attended  the  lionn 
meetings.  Of  these,  thirty  were  from  German  institutions  and 
sixty  were  from  other  countries.  America  had  the  honor  of 
providing  the  largest  foreign  attendance,  as  follows:  Abbot, 
Smithsonian  Institution:  ]\Iiss  Allen  and  Miss  Whiting, 
WVllc^loy  College:  .\mi:s,  Johns  Hopkins  I'niversity;  Camp- 
DKf.L,  and  r>i'K\s,  I.ick  Observatory:  E.  C.  PiCKERixr.,  Mi^s 
C\x\()N,  and  1>aili:v.  Harvard  (^ollege  Observatorv :  Xiciiols. 
Cornell  University:  Parkhurst  and  Slocum.  Yerkes  Observa- 
torv: Plaskltt.  Ottawa  (Observatory:  Russf.ll  and  Shapley. 
Princct(Mi  I'niversity:  S('hlesix(^er,  .Mlegheny  Observatory; 
.^t.  Jonx,  Mt.  Wilson  Sf^lar  Observatory:  Doolittle.  Sr.. 
1'1(  wer  Observatorv:  and  Stebbtxs,  Universitv  of  Illinois. 
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\  !:c  next  nieelinj^  of  the  Inion  will  occur  in  Rome  within 

•\  >wir  i«*i*>.  pn>t)ably  in  one  of  the  spring  months. 

Nv-arly  all  the  forcij^i  astronomers  at  Uonn  went  to  Ham- 

■-^'  :•'  attcn<l  the  twenty-fourth  meetinj^  of  ihe  Astronomische 

'rt^/!viialt.     The   attendance   numbered  about   one   hundred 

•  I  hft>    n^cml)er<— by   far  the  largest  in  the  history  of  the 

•  -<"-t!iatt       This  was  due  to  three  principal  facts: 

1  }Li':^!>nrg  was  selected  as  the  place  of  meeting  in  order 

•  .♦  Mun'lirr^  vh<ml<l  have  the  op[K)rtunity  of  ins|)ecting  the 
'■  i-!'\   c^ri;  litc<I   Hamburg  Observatory. 

2  1  ho  tuMv*  of  the  meeting  was  set  to  follow  immeiliately 
■'  *t  '  t  t';e  S<lar  Tnion  meetings  at  l»onn. 

^  I  l\e  U.-rt'lvchaft  was  celebrating  the  completion  of  its 
*--•  !'.''» -century  of  existence. 

I'l   iiay.hnrg.  a>  at   lionn,  the  importance  of  the  persona! 

-  K\K  in  a^tn>nomical  progress  was  recognized.  The  (Resell- 
-     -ft    i^    fur.danientally    a    co-operative    organization,    as    it 

•  s  :'. -'-.(lid.  hfty  years  ago.  with  principal  purposes  to  care 
'tit   a**tcn»i(K  wht>se  discoveries  were  coming  rapidly,  for 

*'<   t-'dcrtaking   of  accurate   meridian-circle   observations   of 
"•   ^:  fv  d<'\\n  to  slightly  fainter  than  the  ninth  magnitude  in 
'  •'-  a--:^nc<!   to  various  co-o|K*rating  observatories,  and  to 
•'■•  r  Niii'ilar  puri)4)ses, 

'u-  city  of  Hamburg  is  a  strong  patron  of  the  arts  and 
--  •  *  v'v^.  and  the  hospitality  extended  to  the  visitors  was  ex- 
"  '  'n:^    t;/*'crous,  anpronriate.  and  well  arranged. 

*I*ir  aftcnit'on  <if  Wednesday,  August  6th.  was  devoted  to 

*' *•  "H;!": burger  Stemwarte  in   Ik*rgedorf."     .\   special  train 

":<.'  the  astronomers  and  friends  southeasterly  about  fifteen 

•  '( *  !-•  the  viliatxe  of  TV— — «  *-f  where  th?  government  of 
•'.•  b*'"!:.  assisted  by  much  private  generosity,  has  built  one 
•  !' t    "^.-T  extensively  eijuipped  obser\'atories  in  th?  world. 

'\   *:'-!'!J:ti«.n  is  l(Kated  on  the  top  of  a  ridge  perhaps  two 

'•  '•  I'cd  xt:^x  aNn'e  the  surrounding  low-lying  country.     After 

'1   in  a  large  tent  on  the  observator\'  grounds,  several 

•  '^  wfvx:  dtvote<l  profitably  to  ins|>ecting  the  large  refrac- 

•  '^    »•'«•  lar^e  reflectors,  the  meridian  instnmients,  and  much 

•  ':.iry  oiuifmient.  The  domes,  buildings,  and  instruments 
■'■-  ■''  «.f  ib.e  highest  fjuality  of  modern  German  constntction. 
^  -'\y\\    article  would  l)e  nee<ted  to  do  justice  to  tlve  subject. 
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and  accordingly  no  description  is  attempted  here.  It  is  under- 
stood that  the  Hamburg  government  has  undertaken  to  supj>ort 
its  observatory  on  a  generous  basis ;  and  a  large  staff  of  astron- 
omers and  assistants  is  already  at  work.  The  enthusiastic 
director.  Professor  Dr.  Schorr,  has  assumed  a  great  respon- 
sibility, and  in  this  he  had  the  best  wishes  of  all  his  guests 
of  the  day. 

The  educational  department  of  Hamburg  gave  to  the  visitors 
on  Thursday  evening  a  splendid  banquet,  presided  over  by 
Senator  Dr.  von  Mklle. 

The  whole  of  Friday  was  devoted  to  an  inspection  of  the 
Hamburg  harbor,  thanks  to  the  generosity  of  the  Hamburg- 
Amerika  Linie.  The  visitors,  divided  into  two  parties,  steamed 
through  the  principal  ramifications  of  the  harbor,  and  were 
deeply  impressed  by  the  extensiveness  of  the  harbor,  the  num- 
ber of  ships  in  action,  the  modern  equipment  for  handling 
cargo,  and  the  building  of  new  ships  of  largest  size.  Lunch- 
eons were  served  on  the  ocean-going  steamers  "Blucher''  and 
*'Tabora.'' 

Especially  metriorable  was  the  private  hospitality  enjoyed 
on  Saturday  evening  by  many  of  the  older  astronomers,  in 
the  home  of  the  Hamburg  gentleman  who  has  provided  so 
many  observatories  with  instnunents  of  the  highest  precision. 

The  scientific  sessions  were  opened  by  an  address  of  welcome 
from  Senator  von  Mrlle,  as  a  representative  of  the  Senate  of 
the  Hamburg  government.  Professor  Seeliger,  as  President 
of  the  Gesellschaft,  replied  happily,  with  many  references  to 
the  history  of  the  Gesellschaft.  He  called  attention  to  the 
interesting  fact  that  whereas  the  Gesellschaft  at  its  founding, 
half  a  century  ago.  was  largely  an  organization  of  German 
astronomers,  56  |)er  cent  of  the  426  members  at  the  present 
time  live  outside  of  Germany. 

Of  the  two  astronomers  who,  as  young  men,  had  been  chiefly 
instrumental  in  the  founding  of  the  Gesellschaft,  one.  Professor 
F(")rster,  was  present,  in  his  eighty-first  year,  and  the  other. 
Professor  Auwers.  was  greeted  in  Berlin  by  a  congratulatory 
telegram  from  Hamburg. 

The  four  scientific  sessions  were  concerned  chiefly  with  the 
reports  of  committees  in  charge  of  the  various  departments  of 
astronomical  research  fostered  bv  the  Gesellschaft. 
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;*.■.  far  the  nio^t  extensive  duty  assumed  by  the  (jcsellschaft 

1  lieen  that  of  forminj^  the  (iesellschaft  zones  of  accurate 

-•ar  jnwitioHN.     This  work  is  now  complete  from  the  southern 

::  t»f  the  north  |H)lar  rejjion  covered  by  Carrinc.ton's  cata- 

^:!t  »'i  star  places,  southerly  to  declination  —  18^.    The  zone 

t  'iTisod  fnmi  between  —  18"  to  — 23"^,  assumed  by  Aljjiers 

'  •*-<^ator>\   is  M)  nearly   finished   that  the  GeseUschaft  an- 

T    "iceil  the  prol>able  receipt  of  the  results  in  manuscript  with- 

:•  H  icn  <la\s.    The  Cordoba  ( )bservator>'  had  undertaken  the 

i\:.r:-i«"n  of  the  (ievellschaft  zones  southward  to  declination 

—  37  .  It  was  announced,  on  the  basis  of  Director  Ferrine's 
V*  -  •' unication.  that  Part  I  of  the  extension,  embracing^  — 22° 
:  ■  —  27  .was  complete,  and  that  Parts  II  and  III,  from  —  27"^ 
:•  — 37  ,  would  be  ready  for  the  printer  in  u>i4.  It  is  the 
'  *  p  that  the  sky  from  —  37^  to  the  south  pole  shall  be  observed 
■■■.  :h  .lotjraphic  metho<Is.  rather  than  that  individual  meridian- 

:rv'<r  detcmiinations  of  star  places  shall  be  made.  This  seems 
t    W  a  j^;«>*m1  place  to  report  the  existence  of  a  strong;  feelinjj 

•I  the  part  of  many  astronomers  present  in  Hamburg;  that 
:>•  accurate  positions  of  stars  fainter  than  the  eighth  visual 

-  .^-^itude  should  in  future  be  determined  by  photog^raphic 
"'.*n-.  an<l  that  future  work  with  meridian  instruments  should 
V  c  nhne<l  to  stars  brighter  than  the  eig^hth  visual  mag;nitude. 
t-  ^via!l\  with  a  view  to  obtaining?  extremely  accurate  posi- 
*'  "^  of  the  brighter  stars  to  assist  in  forminj^  satisfactory 
-;.  *!c:-*.s  <if  reference  for  the  photographically  observed  fainter 

Rr]*<»rts  ujxjn  the  state  of  knowledge  concerning  variable 
^•ir'*  an<l  comets  were  presented.  Other  reports  related  to 
•'".c  puNications  Dcr  Astronomisch^  Jahrcsbcricht  and  Di^ 
.'^r>iu>mischt  Sachrichtcit,  to  investigations  of  asteroid  orbits. 
a^-.l  !o  f»lans  for  stellar  t)aral]ax  determinations  from  observa- 
**  <!'»  with  meridian  instnnnents.  Reporting  on  the  last- 
"<ntn*ne<l  subject,  CtRossmann  stated  that  his  observations 
t  Arcturus  yield  a  parallax  of  o".2. — in  striking  contrast  with 
'••'  meter  results  approximating  o".07.  .A  few  members  urged 
*^4t  extensive  meri<lian  observations  for  parallax  should  be 
cametl  on,  but  others  felt  equally  certain  that  it  would  be 
rnwise  ti»  devote  any  considerable  fraction  of  astronomical 
'r^arch  to  this  melho<I  of  investigation  at  the  present  time. 
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as  the  accidental  and  systematic  errors  seem  entirely  too  large 
to  give  reasonable  confidence  in  the  results. 

After  the  completion  of  reports  on  the  stated  subjects,  there 
was  opportunity  for  the  presentation  of  fifteen  or  twenty  short 
papers  dealing  with  individual  researches.  In  this  connection, 
it  might  be  said  that  several  foreign  members  had  held  the 
erroneous  view  that  there  would  be  no  opportunity  for  the 
presentation  of  individual  papers,  but  that  it  was  the  custom 
to  limit  the  scientific  proceedings  to  the  reports  of  the  various 
committees  and  to  the  discussion  of  these  reports.  We  take 
space  for  reference  to  three  or  four  papers. 

Charlier  discussed  the  systematic  proper-motions  of  the 
brighter  stars.  He  was  led  to  the  conclusion  that  Kaptevn's 
theory  of  two  star-drifts  is  not  satisfactory,  but  that  Schwarz- 
schild's  ellipsoidal  hypothesis  of  stellar  preferential  motions 
possesses  a  much  higher  degree  of  probability. 

Seeliger  presented  a  paper  on  the  fundamental  conceptions 
of  motion,  space,  and  time,  which  would  be  equally  appropriate 
in  gatherings  of  astronomers  and  of  philosophers.  To  mention 
only  one  of  his  conclusions,  he  expressed  the  view  that,  of  the 
various  geometrical  conceptions  existent,  only  the  Euclidean 
system  was  applicable  to  astronomical  problems. 

Bailey,  of  Harvard,  read  an  interesting  paper  on  the  vari- 
able stars  known  as  cluster  variables — a  subject  to  which  his 
contributions  have  been  so  extensive  that  the  subject  may  be 
said  to  be  almost  exclusively  his  own. 

Wolf,  of  Heidelberg,  showed  many  beautiful  photographic 
spectra  of  nebulae  and  of  several  especially  interesting  stars. 

What  was  to  me  the  most  interesting  paper  was  read  by 
Rosenberg,  of  Tubingen,  on  the  application  of  the  photo- 
electric cell  to  the  phot^^^etry  of  variable  stars.  During  many 
preceding  months,  astrunomers  were  considering  the  work  of 
Koch  on  laboratory  applications  of  the  photo-electric  cell  as 
indicative  of  its  great  promise  in  stellar  photometry.  Conse- 
quently, we  were  prepared  to  learn  from  Rosenberg's  paper 
that  the  electric-cell  photometer  surpasses  all  other  forms  of 
existing  photometers  many-fold  in  sensitiveness.  With  this 
photometer  attached  to  a  five  or  six-inch  refracting  telescope, 
he  was  able  to  secure  brightness  measures  of  a  star  between 
the  fifth  and  sixth  visual  magnitudes,  in  two  minutes,  with 
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t  t  (riihablc  error  of  a  single  determination  not  exceeding 
'•'«».»  niaj^iitude.  Stehiuns  commented  in  generous  spirit 
::'-M  K'.'-KNBER(i's  results  by  saying  that  the  best  he  had  been 
i^  c  t't  do  with  his  selenium  photometer,  attached  to  a  12-inch 
!t\-c.  ;c,  was  to  secure  the  measure  of  brightness  of  a  second- 
'■   ^''itude  star,  in  one  hour,  with  probable  error  0.0 1    mag- 

-  t! 'Ic  Pn>fess<)r  Strcvk  commented  that  Githnkk,  an 
rf-'-'-twt  in  the  Berlin  ( )b>ervatory,  was  likewise  applying  one 
•t  :hc  electric-cell  photometers  to  the  study  of  variable  stars, 

J'  !  h.id  met  with  considerable  success.  Granted  that  the 
iiM'.racy  claimed  for  this  new  form  of  photometer  is  approxi- 

-  itt'y  correct,  it  must  be  apparent  to  all  students  of  variable 
"•.ir-.  That  we  are  about  to  enter  an  exceedingly  rich  field  of 
1.-.  r., ,*..,cal  investigation;  in  fact,  it  requires  no  unusual 
^r-tuh  of  imagination  to  foresee  that  this  photometer  may 
*»  a-  i^»werful  a  ttM)l  in  the  hands  of  astronomers  as  the  spec- 
•'  v-.'*c  an<l  photographic  plate  have  been. 

\i'i  ugh  it  is  the  f>o!icy  of  the  Gesellschaft  to  hold  meetings 

' '\  tNcry  other  year,  on  the  average,  it  was  decided  that  the 

•At "i\ -fifth  n>ccting  should  occur  at  St.  IVtersburg  and  the 

t'-k'.wa  <  >bNer\-atory  shortly  following  the  total  solar  eclipse 

t    \'*4u*.t  21.   i<)i4,  which  event  will  call  many  astronomers 

**  '^,  nany  countries  to  Russia. 

V  la^-^e  number  of  the  astronomers  and  friends,  especially 
:  tir  f'Ttiijn  contingent.  sf>ent  a  delightful  and  profitable  day, 
\  \;''*t  nth.  at  the  Potsdam  (Observatory,  as  the  guests  of 
I^rc,t<«r  an<l  Frau  Schwarzsciiim).  The  Potsdam  astron- 
•"-s  have  always  been  prominent  in  the  advance  guard  of 
•"'t-t\:at*>rs.  and  the  administration  of  the  second  director 
t'  ^  sev  to  l)e  as  fmitful  of  results  as  was  that  of  the  first. 
'  ■'  current  researches  of  the  (observatory  were  illustrated 
fvTt^.-jvf^y  by  means  of  photographs. 

\r.  event  of  unusual  importance  relates  to  the  remtnal  of 
'!'  iUHin  <  >bservator\-  from  the  center  of  the  city  of  IWrlin 
•  the  summit  of  a  low  hill  in  the  villaj^e  of  Xeubabelsberg. 
Tic  new  location  is  about  four  miles  from  the  Potsdam  Ob- 
^%ai««r>'.  on  the  <ii«le  toward  P>erlin.  Director  Strivk  was 
t'*'f  Iff  (lisjMise  of  the  old  <ite  for  a  large  sum  of  money,  and 
■  '  \n  of  the  funds  thus  nia<ie  available  is  providing  thi*  new 
'-rrvatop^-  with  a  greatly  enlarge*!  and  splendid  e<|ui]»mcnt. 
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There  is  a  large  central  building,  to  contain  a  refracting  tele- 
scope of  about  26-inch  aperture,  other  smaller  telescopes, 
library  and  working-rooms,  offices  and  computing  rooms,  ac- 
companied by  other  buildings  to  contain  meridian  instruments 
and  a  reflecting  telescope  of  diameter  between  40  and  50  inches. 
Excellent  progress  has  been  made  with  the  buildings  and  in- 
struments ;  the  staff  of  astronomers  and  assistants  has  been 
greatly  increased:  and  this  institution  should  be  one  of  the 
most  fruitful  of  observatories.  A  small  refractor,  moved  from 
the  old  observatory,  is  already  securing  notable  results  by 
virtue  of  a  photo-electric  cell  photometer  attached  to  its  eye 
end.  At  the  close  of  the  Potsdam  visit  many  astronomers  went 
to  Neubabelsberg  and  were  most  favorably  impressed  by  what 
they  saw. 

I  sailed  homeward  on  August  12th.  with  the  knowledge  that 
German  astronomy  is  as  wide  awake  as  German  commerce 
and  German  education. 


PLANETARY  PHENOMENA   FOR   NOVEMBER   AND 
DECEMBER,  1913. 


By  Malcolm  McNeill, 


PHASES    OF   THE    MOON,    PACIFIC   TIME. 

First  Quarter  Nov.  5.  lo^  34™  a.m.  First    Quarter.  .Dec.  5,  6*»  59™  a.m. 

Full    Moon    ..    "    13,    3    II     P.M.  Full  Moon "    13,  7     o    a.m. 

Last  Quarter..    *'    20,  11    56     p.m  Last  Quarter   .    "   20,  8    16    a.m. 

New  Moon   . .    **    27,    5   41     p.m.  New  Moon    ...    **   27,  6   59    a.m. 


The  Sun  reaches  the  winster  solstice,  the  point  farthest  south 
from  the  equator,  on  December  22d,  about  3  a.  M.  Pacific  time. 

Mercury  is  an  evening  star  on  November  1st,  reaching  great- 
est east  elongation  on  that  date.  The  elongation  is  an  average 
one,  23°  34^  but  other  things  conspire  to  make  conditions  for 
visibility  very  poor,  and  the  planet  sets  less  than  an  hour  after 
sunset,  making  it  practically  impossible  for  naked-eye  view. 
Eastern  elongation  in  the  autumn  generally  afford  a  poor 
opportunity  for  visibility  of  Mercury  owing  to  the  circum- 
stance that  the  planet  is  a  considerable  distance  south  of  the 
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^■••1  at  this  time,  and  this  condition  is  accentuated  by  the  fact 
:  .a:  :hc  planet  on  November  1st  is  at  a  point  in  its  orbit  as 
r .'  a^  j-j-isible  below  the  ecliptic,  the  apparent  path  of  the 
^•jn  anKmj^  the  stars.  After  November  ist  the  planet  rapidly 
I- !  r-  aches  the  Sim.  passing^  inferior  conjunction  and  becoming 
1  '  ■'  r'linij  star  on  November  22i\.  It  then  moves  rapidly  away 
•^  ^'  the  Sun  and  reaches  j^^reatest  west  elongation  on  Decem- 
V*-  !i>th.  Iiv  December  ist  it  rises  nearly  an  hour  and  one 
'■"if  l»ef»»re  sunrise,  and  this  interval  increases  to  an  hour 
J"!  thret*  (piartcrs  during  the  month.  It  is  therefore  in  good 
:■  -".tn  for  nakc<l-eye  view  on  any  clear  morning  in  the  east- 
.'^i  twilight.  ( )n  December  2d  it  is  in  conjunction  with  rcnus, 
.  t-'-ir'ir  I     35'  north  of  the  latter. 

l\':us  is  still  a  morning  star,  but  is  drawing  closer  to  the 
S :':.  and   t<»ward  the  end  of  December  will  not  be  an  easy 

J'«rt  ti»  view.  On  November  1st  it  rises  a  little  more  than 
Ta..  h  .nr^  Ik* fori  sunrise,  and  this  interval  diminishes  to  about 
f  •r\  HMnutCN  by  December  31st.     It  will  reach  superior  con- 

"Tt:  n  with  the  Sun  on  Februar>'  11.  It)l4. 

M  irs  is  now*  getting  into  go(xl  position  for  evening  obser- 
\i'..>n.  H'.ing  at  alxuit  half-after  nine  on  November,  and  only 
a  ft*  niinuti-s  after  sunset  on  December  21st.  It  is  in  the 
*  "-!«ration  Oc*mi;//,  and  up  to  November  27th  it  moves  east- 
tt,.-"!  alxmt  4  .  It  then  begins  its  westward  or  retrograde 
"  *•  n.  nutving  al)out  8-  up  to  Deceml>er  31st.  on  a  line  siniie- 
A  at  t«t  the  north  of  its  path  when  moving  eastward,  (^n 
I  <M  -^iK-r  31st  it  will  be  alxnit  y  north  of  the  |K>sition  it  occu- 
'  fl  *»n  ( >ctol)er  21st.  Comparison  of  the  positions  of  Mars 
XT  ni  <  Vtolvr  to  the  end  of  December  with  resjwct  to  Castor 
y  i  I\*y.ur.  the  principal  stars  in  Gemini,  will  give  a  good 
■•'a  itf  direct  and  retrograde  motion  of  a  planet,  as  Mars 
"--M-*  forward  and  back  on  lines  not  far  south  of  the  two 
**»'^  The  planet  will  nearly  double  in  brightness  during  the 
•i*..  T-M.nths.  and  will  reach  its  maximum  at  the  end  of  De- 

t-'Vr     (  hi  thi'i  last  day  of  the  year  the  planet  will  attain 

N  r  '.riinnmi  distance  from  the  Earth,  although  it  will  not 
''.!.  *i  *1^f**tsition  until  Januar\-  5.  I<)I4.  The  present  op|>osition 
■^  li\  no  nK'ans  a  favorable  one.  the  least  distance  from  the 
F-»nh  l>eing  aUnit  fifty-eight  million  miles,  while  the  distance 
St  thr  f){>[)osition  of  i()Ot;.  September  24th,  was  only  a  little 
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more  than  thirty-six  milHons.  This  makes  the  brightness  of 
Mars  at  the  present  opposition  scarcely  more  than  one  third 
that  which  it  had  at  the  opposition  of  1909.  The  distance  of 
Mars  from  the  Earth  at  the  next  two  oppositions  will  be  a  little 
greater  than  for  the  present  opposition,  but  after  these  the 
opposition  distance  will  gradually  diminish  until  the  opposition 
of  August  28,  1924,  when  the  least  distance  will  be  less  than 
that  of  1909. 

Jupiter  is  still  an  evening  star»  but  is  gradually  drawing 
quite  close  to  the  Sun.  On  November  ist  it  sets  a  little  before 
nine  o'clock,  and  on  December  31st  at  a  little  before  six,  only 
a  little  more  than  an  hour  after  sunset.  Owing  to  its  great 
brightness,  however,  it  will  be  an  easy  object  to  see  until  after 
the  close  of  December.  Its  motion  among  the  stars  is  quite 
rapid,  from  Sagittarius  toward  Capricorn,  about  13°. 

Saturn  is  in  fine  position  for  observation.  On  November 
1st  it  rises  about  two  hours  after  sunset  and  comes  to  opposi- 
tion on  December  7th,  when  it  is  above  the  horizon  practically 
the  entire  night.  During  the  two  months  it  moves  westward 
about  5°  in  the  constellation  Taurus,  and  at  the  end  of  De- 
cember is  about  4°  east  and  the  same  distance  north  of  Aide- 
baran,  the  brightest  star  of  the  constellation. 

Uranus  is  in  the  western  sky  in  the  evening,  a  little  higher 
up  than  Jupiter.  It  sets  at  about  10:30  p.  m.  on  November  ist 
and  at  about  7  p.  m.  on  December  31st.  It  moves  a  short 
distance  eastward  in  the  constellation  Capricorn,  reaching  by 
the  end  of  December  about  the  same  position  it  held  during 
the  late  summer. 

Xeptune  rises  about  10  p.  m.  on  November  ist  and  at  about 
6  p.  M.  on  December  31st.  It  is  moving  a  little  westward  in 
Gemini. 


\t»rKS    FROM    PACIFIC   COAST    OBSERVATORIES. 


The  ioo-Incii  Telescope. 

1  hiring  ihc  summer  considerable  projijress  has  been  made 
n  the  plans  for  the  looinch  telescope.  On  Mount  Wilson 
!!f  laindations  for  the  telescope  building  and  dome  were  fin- 
>!ud  in  July  and  work  was  begxm  on  the  great  pier  to  support 
:ir  instalment.  This  is  now  nearly  completed.  At  its  base 
••'1  :»-.ir  measures  about  20  by  40  feet  and  its  height  is  33  feet 
!*•  v.t  the  irround  level.  The  top  of  the  pier  is  extended  on  all 
^  .c-  int«»  a  circular  floor  52  feet  in  diameter,  supp<:)rted  by 
^rav\  rein  forced -concrete  brackets,  and  from  this  floor  a  cir- 
: •!  i"  wall  rises  to  the  level  of  what  will  be  the  main  floor  of 
I'c  -^teel  building  and  dome.  Provision  is  made  in  the  inside 
:  tht-  pier  for  a  room  in  which  to  silver  the  large  mirror  and 
t  r  a  water-storage  tank  to  be  used  in  maintaining  a  tem- 
r-^rature  control.  At  the  south  of  the  large  pier  is  a  long  ex- 
•tr  .1- n  u|M»n  the  face  of  which  will  be  mounted  si)ectrographs 
:i:  d  such  other  apparatus  as  will  be  used  with  the  telescope 
1  the  C'uule  form. 

The  jilans  for  the  telescope  building  and  dome  have  been 
r.^plcted  by  D.  H.  BrRxiiAM  &  Co.  of  Chicago,  and  contracts 
:»r  at  least  a  portion  of  the  work  will  be  let  within  a  short 
v  ic.  The  diameter  of  the  building  will  be  about  lOO  feet  and 
!*  c  hfii^ht  of  the  top  of  the  dome  105  feet.  The  dome  is  de- 
*  .T'oi  to  have  a  doubk?  roof  of  sheet  iron  with  an  intervening 
4T  ^jiacc  of  about  two  feet,  and  louvres  are  arranged  at  the 
?  :•  of  the  dome  to  allow  of  the  escape  of  the  heated  air.  This 
:'!in  ha**  proved  successful  in  the  case  of  the  60-inch  reflector. 
A  vhutter  opening  20  feet  in  w^dth  is  provided  for  the  tele- 
^*  'T'c.  and  because  of  this  great  width  the  construction  of  the 

rv  is  necexarily  unusually  massive.  The  shutter  is  divided 
".•  nically  and  consists  of  two  |xirtions.  which  move  on  hori- 
/•  "T.ii  tracks  at  the  top  and  bottom.     Rubl)er  or  hair  cu.^hions 
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will  be  used  along  the  faces  of  the  two  sections  of  the  shutter 
to  make  it  as  nearly  as  possible  airtight. 

The  design  of  the  telescope  mounting  has  advanced  rapidly, 
and  at  present  most  of  the  general  drawings  are  essentially 
complete.  Detailed  drawings  of  the  north  and  south  pedestals 
and  the  mercury  tanks  and  floats  have  been  sent  to  the  Fore 
River  Shipbuilding  Corporation  of  Quincy,  Massachusetts, 
which  will  build  the  more  massive  parts  of  the  mounting.  Cast- 
ings have  already  been  made  for  the  two  pedestals  and  one 
of  the  two  mercury  tanks.  The  most  difficult  part  of  the  in- 
strument from  the  point  of  view  of  design  is  probably  the  large 
po!ar  axis  and  fork  within  which  is  swung  the  tube  of  the 
telescope.  This  is  built  up  of  structural  steel  and  will  be 
rectangidar  in  shape,  about  32  feet  long  and  16  feet  wide.  The 
fork  will  be  made  in  four  sections  and  will  be  bolted  together 
in  place  on  Mount  Wilson.  These  sections  will  be  among  the 
heaviest  parts  of  the  telescope  mounting,  as  each  section  will 
weigh  about  seven  tons.  The  large  declination  bearings  will 
be  built  into  the  side  members  of  the  fork,  the  steel  castings 
forming  the  cases  for  the  bearings,  being  riveted  to  the  struc- 
tural steel  of  the  fork. 

Work  has  been  progressing  steadily  on  the  100-inch  mirror 
and  recent  tests  have  shown  a  figure  which  is  very  nearly  spher- 
ical and  with  but  a  small  amount  of  astigmatism.  Zonal  errors 
have  been  reduced  greatly,  and  the  parabolizing  of  the  surface 
will  be  begim  in  a  few  weeks,  it  is  hoped.  A  considerable 
amount  of  work  has  been  done  on  the  60-inch  plane  mirror, 
which  will  be  used  in  testing  the  loo-inch  mirror  during  the 
work  of  parabolizing.  With  the  edge  support  now  in  use.  no 
evidence  is  found  of  differences  of  flexure  along  different  diam- 
eters of  the  mirror.  W.  S.  Adams. 

Mount  Wilson  Solar  Observatory. 

Stellar  Spectroscopic  Notes. 

Obscnvtions  of  the  Companimi  of  Rigcl. — Four  photographs, 
with  low  dispersion  of  the  spectrum  of  the  seventh-magnitude 
companion  of  P  Ortonis  indicate  that  its  spectrum  is  identical 
with  that  of  the  principal  star.  The  diflference  in  brightness, 
as  determined  by  the  Harvard  observers,  is  6.5  magnitudes, 
and  the  identity  of  the  spectra  of  tw^o  stars,  which  almost  cer- 
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•  \   ii»nn  a  physical  system  and  which  differ  so  greatly  in 

-  \\\\v  iuniint)'iity,  is  rather  a  remarkable  fact. 

."'c  mean  ra<lial  vch)city  given  by  the  four  plates  is  -f  20*'". 

\a\vx  m  cioNC  agreement  with  the  value  of  -f  22^^  found 

'  t;jo  cenitr  <»t  mass  of  the  spectroscopic  binary  system  to 

,  i.  the  princi|)al  star  l>elongs.  The  four  plates  show  a  mod- 

'  *c  ra^T^t,  lull  the  fact  that  the  star  is  a  very  close  visual 

.">    irakc-N   the   interpretation   of  the   variation   as  a   real 

•  i;'*   III    vc'uKrity   rather  doubtful.     The  agrt*cment  of  the 

t    m:«  cities  of  the  bright   star  and  its  companion  make 

-  '  ;  *  \^icai  connection  very  probable. 

'^   *r,'   hiUiiiil   rtioi'ity  Results. — Two  spectrograms  of  the 

.  ktTwn  iKiraKax  star  ( ircK>m bridge  34  (a  =  o^  ^^^i*  m^J?- 

' '  t   S  J.  siiow  that  the  real  motion  of  this  star  is  almost 

'.  at  n^lit  audits  to  the  line  of  sight.    The  radial  velocity 

Ml  h\    tile  two  plates  is  —  1*'".     The  spectra  tyfK*  of  this 

.'  :^  .\Ia. 

\-rv  N'Hvtm-^r ranis  of  the  star  Lalande  I52(K>  (a  =  7^  4S"*), 

j-itudc  S.2.  givci  the  following  values  of  the  radial  velcKity : 

—  247*^™ 
241 
230 


Mean  —  242**°* 

■*  i-  tlu-  l.ir^c^t  radial  veltKity  of  any  star  so  far  ob'^erved 

:-      Til.'  in"ti«  II  in  space,  assuming  the  values  for  pro|er- 

:;  n   .uul    |>;ir:i!lax   collectetl   by    Kaptkvn.   is   316^™.     The 

*^\}W  of  the  star  is  (k). 

-•    til.*  .htnt^hysical  Jounwl  ior  April.   I<)I2.  the  approxi- 

•t    r..<:ia!   vclt»cities   were  publi^^htd   for   two  stars  of  high 

■t\        ThcNC  were   I-alande  ^jin    (0  =  3^3").  magnitude 

..r'.|   Lalande  j^v^ij   (a=i  I5*'38°*),  magnitude  j.t^.     The 

'^  Wire  cla^Nihcd  as   F  and  A   resfK^ctively.     Recently   we 

.r  •  Stained  a  pht>tograph  with  the  C'assegrain  spectrograph 

f.'.inde  ^T**!,  which  is  of  much  l>etter  quality,  and  which 

vs  tint  ihi<i  vjK-ctrum  must  also  be  classified  as  A  and  is. 

:'..  t    .ilfiKt^l  identical  with  that  of  I^lande  28^07.     In  both 

*  -.  h'«\\ever.  the  sj>ectnim  is  |KH:uliar  in  that  A  4481  is  either 

•  •■:     T  extremely    faint,   while   the   great   strength   of   the 
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hydrogen  lines  and  the  presence  of  the  principal  arc  lines  of 
iron  as  faint  absorption  lines  point  to  a  normal  classification 
of  about  As.  It  is  a  singular  coincidence  that  two  stars,  both 
of  peculiar  but  very  similar  spectra,  should  be  characterized 
by  such  large  velocities.  The  single  spectrogram  of  Lalande 
5761  gives  a  value  of  —  144''",  while  four  spectrograms  of 
Lalande  28607  &ive  —  170^". 

The  Spectra  of  Some  Indmdual  Stars  in  the  Hercules  Clus- 
ter.— Two  photographs  were  recently  obtained  by  Mr.  Pease 
of  the  spectrum  of  the  Hercules  cluster  (Messier  13),  using  a 
small  slit  spectrograph  at  the  primary  focus  of  the  6oinch 
reflector.  The  exposures  were  21  and  22  hours  respectively, 
and  the  slit  width  was  twice  as  great  for  the  second  exposure 
as  for  the  first.  The  spectrograph  is  mounted  in  the  opening 
of  the  double  slide  plate-holder  regularly  used  for  direct  pho- 
tography, so  that  very  accurate  guiding  is  possible.  As  a  result 
the  spectra  of  individual  stars  appear  on  the  photographs.  Of 
these  it  has  been  possible  to  classify  six  upon  the  first  photo- 
graph and  thirteen  upon  the  second,  or  a  total  of  nineteen 
separate  stars,  since  the  slit  was  set  at  two  different  positions 
for  the  two  exposures.  Using  as  a  unit  five  divisions  of  the 
Harvard  scale,  the  stars  are  classified  as  follows : — 

Ao         2 

A5        5 

Fo        2 

F.        8 

Go  2 
Perhaps  th^  two  most  important  features  of  these  results 
are :  First,  the  absence  of  any  stars  of  very  late  types  of  spec- 
trum ;  second,  the  fairly  regular  succession  of  the  spectra, 
agreeing  with  what  is  generally  considered  the  order  of  stellar 
development.  It  is  also  clear  that  conclusions  as  to  the  spectral 
types  of  the  stars  in  clusters  must  be  based  upon  photographs 
showing  the  individual  stars.  W.  S.  Adams. 

Mount  Wilson  Solar  Observatory. 

Note  on  the  Gegenschein. 
Doubtless  many,  whether  amateurs  or  professional  astron- 
omers, have  never  seen  this  very  difficult  object,  and  a  word  or 
two  as  to  its  history  and  appearance  may  not  be  out  of  place. 
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T*^e  « fcprnschein,  or  zodiacal  counterglow,  is  an  exceedingly 
*a  rt  hiniinous  patch  some  ten  to  twenty  degrees  in  diameter, 

*  ;!ch  can  be  made  out  by  a  keen  eye  at  the  point  directly 
; '-'Mte  to  the  Sun.     It  was  first  definitely  observed  by  Hror- 

^t\  aNnit  the  middle  of  the  last  century,  and  has  since  been 
^^^'tcniatically  obsen'ed  by  a  number  of  astronomers,  in  par- 
t-.-jUr  by  Professor  Harnari).  who  has  followed  it  regularly 

*  r  t»  enty  years. 

T'-i.tevM^r  Barnard  describes  it  as,  in  general,  quite  easy 
t  ■  '^e.  and  his  observations  on  its  position  are  most  accordant ; 
::*  central  pf)int  appears  to  be  always  exactly  antipodal  to  the 
>in  in  the  sk\'.  It  is,  of  course,  useless  to  attempt  to  see  the 
•I'CtTiMrhein  from  a  position  in  or  near  a  brilliantly  lighted 
r.\\.  ttr  when  the  Sun's  antipodal  point  falls  in  or  close  to  the 
^I•!ky  Way.  One  member  of  the  Lick  Observatory  staff  finds 
'•-  itfficulty  in  always  picking  up  the  appearance;  for  my  own 
'I't.  I  ptTsonally  find  it  a  very  difficult  object.  Sometimes 
I  can  make  it  out  without  any  trouble,  while  at  other  times, 

*  th  ci^nditions  fully  as  favorable,  I  cannot  see  it  at  all. 

\  in'eat  many  theories  have  been  put  forward  to  explain 
t-c  cauvc  of  this  faint  luminous  patch,  none  of  which  are 
'•'Ti'.N  entirely  satis factor\'.  Its  appearance  changes  at  dif- 
f'-c'it  times  of  the  year;  in  September  and  the  first  part  of 
'  ^-*  N  r  it  is  large,  round,  and  distinct.  About  the  middle 
:  <  Vrt»lxT  Professor  Barnard  finds  that  it  apparently  shrinks 

*  •  a  mere  condensation  on  a  zodiacal  band  extending  a  long 
■-T.*rce  along  the  ecliptic.     The  fact  that  it  is  frequently  best 

^"i  in  a  ^ky  that  is  not  too  pure  has  always  given  Professor 

'.  »N\Ri>  the  imprc^^ion  that  it  is  in  some  way  connecte<l  with 

:r  ..wn  atm*><phere.  though  he  admits  that  the  ab^nce  of  any 

*<'-H'e  parallax  in  the  appearance  militates  against  this  view. 

N'r  Enfrshki)  suggested  that  it  might  be  a  quasi-tail  to 
'':<-  F.irth.  pnHhice<l  by  the  esca|)e  of  moleailes  of  hydrogen 
-'•!  *-!  linm  fncn  the  Earth'«i  atmosphere,  which  arc  driven  off 
^  \  •Irrction  opj>osite  to  the  Sun  in  a  similar  manner  t«)  the 
•*  "".tti'ifi  f»f  a  comet's  tail.  Here,  also,  the  absence  of  any 
'  i-.'\otir  effect  fonns  a  strong  objection. 

f*'f.itvsr.r  Sf.nri.f  Miggested  that  it  might  be  due  to  finely 
*  .'*!ol  matter  in  the  asteroid  zone.  .\t  the  p*>int  op|Ktsite  to 
* -^  S*Tn  Mich  small  bodies  would  not  onlv  l>e  nearrr  to  the 
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Earth,  being  in  opposition,  but  would  also  exhibit  their  full 
phase  effect  in  the  reflected  sunlight  which  they  would  send  to 
us ;  both  causes  would  tend  to  give  a  maximum  of  light  oppo- 
site the  Sun — a  Gegenschein.  The  fact  that  this  phenomenon 
is  frequently  fairly  well  defined  and  distinct,  with  no  gradual 
shading  off  on  each  side  of  the  antipodal  point,  makes  this 
theory  less  probable. 

One  of  the  most  interesting  of  the  theories  of  the  Gegen- 
schein is  the  meteoric  theory,  first  suggested  by  Clyde n  and 
later  by  Professor  \V.  H.  Pickering,  but  independently  de- 
rived and  thoroughly  worked  out  by  Moulton.  The  essen- 
tials of  this  theory  are.  in  Brief,  as  follows:  It  is  matheinatically 
possible  that  bodies  of  infinitesimal  mass,  as  a  special  case  in 
the  Problem  of  Three  Piodies.  should  congregate  in  the  neigh- 
borhood of  a  point  exactly  opposite  to  the  Sun  and  about 
900.000  miles  from  the  Earth.  The  orbits  of  these  small  bodies 
would  not  be  stable,  doubtless  they  would  make  a  few  revolu- 
tions about  this  critical  point,  and  then  pass  on ;  on  the  aver- 
age, as  many  would  be- captured  for  a  time  as  those  which  es- 
cape, but  the  effect  would  be  that  of  a  condensation,  and 
Moulton 's  theory  is  that  the  (legenschein  is  due  to  light 
reflected  from  this  swarm  of  temporarily  captured  meteoric 
particles.  As  it  has  been  estimated  that  ten  million  meteors 
enter  the  Earth's  atmosphere  daily,  the  total  number  of  such 
small  particles  in  the  solar  system  must  be  enormous. 

Hopeless  as  it  may  seem,  a  priori,  there  is  just  a  possibility 
that  this  theory  might  be  tested.  If  the  theory  is  tnie,  the 
great  majority  of  these  particles  must  be  small;  a  failure  to 
photogranh  them,  then,  would  not  necessarily  disprove  the 
theory.  However,  it  is  probable  that  an  object  one  hundred 
feet  in  diameter  would  leave  a  faint  trace  on  a  Crossley  nega- 
tive in  an  exposure  of  two  hours,  if  the  body  were  at  a  dis- 
t'lncc  of  (;co.ooo  miles  and  if  its  albedo  were  eciual  to  that 
of  the  ordinary  asteroid.  Were  a  meteor  of  this  rather  unusual 
size  to  be  caught  in  this  critical  region,  its  value  as  a  laboratory 
example  of  a  case  in  the  Problem  of  Three  Bodies  would  be 
very  great.  Though  a  successful  result  seemed  most  imoroh- 
ablc.  I  thought  it  worth  while  to  make  the  test.  The  photo- 
graphs are  (|uite  difficult  to  secure :  the  average  motion  of  the 
hypothetical  meteoric  bodies  would  be  about   145   seconds  of 
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irc  j>rr  hour  along  the  ecliptic.  As  the  maximum  range  of 
t'-ic  rnnving-wire  system  in  the  Crossley  guiding  eye-piece  is 
^  "rwhat  icss  than  100  seconds  of  arc,  it  was  necessary  to 
r'"^  l»>  means  of  the  long  finder,  whose  focal  length  is  ap- 
r^'xiniaicly  that  of  the  main  instrument,  with  an  attached 
•**v..Mir?or:  the  bodies  would  move  one  second  of  arc  in  about 
:.«,-  *;-i*'nir  v^contls  of  time.  Two  plates  were  taken  on  Sq>- 
•r-  Vr  y\.  with  ex|>osures  of  one  hour  each ;  the  second  check 
;*.4tc  !*»  nt-ccssary  to  be  able  to  reject  the  small  flaws,  very  faint 
'.'- !  frt.juently  startlingly  like  a  stellar  image,  which  are  too 
?!t  r^  f  turd  on  commercial  plates.  The  region  photographed 
^\-  al'vi-'t  precisely  at  the  Sun*s  antipodal  point.  The  result 
**•>  tmtirdy   negative;    no  certain   trace  of  any   such   body 

K^-    t    "rul.  H.    D.    Cl'RTIS. 

X»»TE  o.\  Comet  b  1913  (Metcalk). 

I.'r  ^ecimd  comet  of  the  year  was  discovercfl  by  Mktcalf, 
'■I*  l.T'U-m.  Massachusetts,  the  night  of  September  ist,  in  the 
ci.n^tr*lati(m  of  the  Lynx,  Its  motion  is  northwaid  and  west- 
nir'  Fn»m  observations  by  I)r.  Aitken  of  the  Lick  Ob- 
^<T\it  T>-.  taken  on  the  2d,  3d  and  4th.  the  orbit  was  com- 
pctr^i  by  Miss  Sophia  Ijexy  and  myself. 

IVt  c»-niet  is  moving  in  a  plane  inclined  143°  to  the  plane 
"t  the  cvlifuic.  Its  nearest  approach  to  the  Sun  was  Sei>tember 
H' ..  it  a  <li<iiancc  oi  iy),ooo,ooo  miles.  At  the  present  time 
:t  !<►  .i;/^>niaching  the  Earth  and  becoming  brighter.  The 
I'-c^  a)>t>n)ach  to  the  Earth  will  be  about  50,000,000  miles, 
at  i*»c  end  *j{  Se|)tember.  It  will  continue  to  iiKrease  in  bright- 
nr^'*  until  about  that  time,  when  it  will  diminish  in  brightness 
*  T\  r;i'>i<lly.  It  will  probably  not  become  bright  enough  to 
;v  \.-:l.!c  V*  the  unaided  eye. 

I  he  C'»:Txt  will  continue  its  northward  journey  until  it  is 
-  ■•  '.r.  aU.ut  12  degrees  of  the  pole,  when  it  will  start  south- 
»a'  i  thr.  »ugh  CcphtiiS.    It  is  at  present  in  Camclopardolus, 

'^•\c  flcrnenis  of  the  orbit  and  a  short  ephemeris  have  been 
:•:^.  <\vi\  in  I.kk  Ohscn^atory  BuUeiiu,  No.  235. 

R.  T.  OtAWFORD. 
SrytoBber  15,  IQIS. 
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Note  on  Comet  c  1913  (Neujmin). 

This  object  was  apparently  discovered  by  M.  Neujmin  at 
the  Pulkowa  Observatory  on  the  night  of  September  5,  191 3, 
but  the  first  announcement  of  its  discovery  came  to  the  Lick 
Observatory  in  the  form  of  a  telegram  giving  an  observation 
by  Graff,  at  Bergedorf,  Hamburg,  on  September  6th. 

The  first  observation  was  secured  here  on  Monday  night, 
September  8th.  In  the  moonlight,  the  object  showed  very 
little  resemblance  to  the  ordinary  comet.  It  had  the  appear- 
ance of  a  star  of  magnitude  11  or  iiyi,  with  no  more  than 
the  merest  suspicion  of  nebulosity.  Indeed,  it  was  only  de- 
tected by  its  motion.  On  later  nights,  as  the  Moon  grew 
brighter,  no  trace  of  nebulosity  could  be  detected  either  with 
the  12-inch  or  with  the  36-inch  telescope.  Last  night,  how- 
ever, September  22d,  when  examined  with  the  36-inch  against 
a  dark-sky  background,  a  faint  brushy  nebulous  extension,  like 
a  short  tail,  was  seen  to  extend  three  or  four  minutes  of  arc 
toward  the  southeast  from  the  nucleus,  in  about  145°  position- 
angle.  The  light  of  the  head  was  practically  entirely  con- 
centrated into  the  very  sharp  stellar  nucleus  of  about  11.5 
magnitude.  At  moments  this  nucleus  seemed  to  be  surrounded 
with  an  exceedingly  feeble  nebulosity,  perhaps  half  a  minute 
of  arc  in  diameter. 

This  comet  thus  contrasts  very  strongly  in  appearance  with 
the  one  discovered  by  Metcalf  on  September  ist.  Metcalf's 
comet  is  a  round,  condensed  nebulous  object,  which,  except 
that  it  is  fainter,  strongly  resembles  the  appearance  of  the 
globular  star  cluster  in  Heracles,  as  seen  with  a  small  telescope. 

From  observations  on  September  6th,  7th  and  8th,  Einars- 
soN  and  Nicholson,  at  the  Students*  Observatory,  Berkeley, 
computed  an  orbit  for  Neujmin's  comet,  by  Leuschner's 
short  method.  Even  on  the  basis  of  this  short  observed  arc, 
it  was  found  that  the  orbit  was  elliptic,  a  parabola  leaving 
residuals  far  too  large  to  be  due  to  errors  of  observation.  Re- 
peating the  computation  on  the  basis  of  a  seven-day  arc  (ob- 
servations of  September  6th,  9th  and  13th),  the  same  compu- 
ters find  that  the  orbit  is  an  ellipse  with  a  period  of  25^/2  years. 
The  comet  has  already  passed  the  points  of  closest  approach 
to  both  Sun  and  Earth,  and  is  now  about  61,000,000  miles  dis- 
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uni  ir-'rn  ihc  latter.     It  is  in  the  constellation  Pisces  and  will 
zr.**\c  nt»rth  and  west  into  Pegasus.  R.  G.  Aitken. 

Sex^niWr  ^3,  1913. 

Crossley  Reflector  Improvements. 

The  nrijnnal  Crossley  mounting  and  dome  provided  for  the 
«i^ toner's  position  at  the  eye  end  of  the  telescope  by  means 
"f  an  eltrvating  platform  raised  and  lowered  by  hand.  Due 
ti»  certain  deficiencies  in  construction,  this  elevating  platform 
»a*  i<Hm<i  inconvenient  in  actual  use,  and  it  was  necessary 
to  tit-canl  it  at  the  time  the  new  mounting  for  the  telescope 
wa^  installed,  using  instead  of  a  pair  of  ladders  in  connection 
»rth  tuo  sliding  platforms  resting  upon  an  elevated  floor. 
The  u-c  of  this  system  has  been  found  to  entail  great  strain 
and  inconvenience  on  the  part  of  the  observer,  particularly  in 
i>ns^  ex|w>sures :  in  many  positions  of  the  telescope,  especially 
Uk  Cibject^  north  of  the  zenith,  the  close  and  exacting  work 
of  guiding  is  carried  out  only  at  the  cost  of  great  strain  and 
fati{^c  on  the  part  of  the  observer.  To  render  the  instrument 
m*^rc  efficient  and  easier  in  use  a  number  of  improvements  have 
been  ile*igne<l.  which  are  now  being  installed.  These  improve- 
xeni^  c*>m prise: — 

An  elevating  platform,  four  by  ten  feet  in  size,  raised  and 
'•'mcretl  by  a  one-half  horse-power  electric  motor,  so  as  to  give 
the  o*^<r\'cr  convenient  access  to  the  guiding  eye-piece  in  any 
f*Ktti<<i  of  the  telescope.  This  platform  is  carried  on  a  strong 
inm  framework,  which  is  attached  to  the  dome  and  revolves 
with  it:  im  the  platfonn  will  be  carried  the  controllers  for 
the  motors  which  rotate  the  dome  and  elevate  the  platform. 

The  slow  motion  in  right  ascension  is  at  present  controlled 
by  an  endless  cord ;  for  this  there  will  be  substituted  a  small 
electric  motor,  with  a  switch  at  the  eye  end. 

The  hand  clamps  in  right  ascension  will  be  supplanted  by 
electric  clamps,  controlled  from  the  eye  end  of  the  telescope. 

The  dri\nng  system  of  the  Crossley  is  rather  unique,  in  that 
it  con*»i>t<  of  two  sectors  of  about  eight  feet  radius;  one  of 
these  is  re\-ersing  while  the  other  is  driving,  and  this  has  in 
the  pa^t  necessitated  that  the  observer  leave  his  guiding  twice 
each  htvur.  once  to  stop  the  reversing  sector  at  the  end  of  its 
travel,  and  once  to  change  from  one  sector  to  the  other  by 
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operating  the  hand  clamps  and  shifting  certain  levers  connect- 
ed with  the  gear  train  in  a  certain  specified  order.  An  auto- 
matic electrically  operated  gear-shifting  mechanism  has  been 
designed,  and  is  in  process  of  construction,  which  will  make 
these  changes  at  the  proper  time,  with  no  attention  from  the 
observer.  H.  D.  Curtis. 

Correction. 

In  my  note  on  the  unit  of  stellar  distance  in  the  August 
number  of  the  Publications  I  regret  that  I  inadvertently 
grouped  the  term  siriomcter  with  other  terms  which  have  been 
suggested  as  names  for  the  distance  corresponding  to  a  paral- 
lax of  one  second  of  arc.  The  name  siriomcter  was  introduced 
by  Professor  C.  V.  L.  Ciiarlier,  and  is  the  distance  equal  to 
one  million  times  the  mean  distance  of  the  Sun  from  the  Earth. 
It  thus  is  almost  identical  with  the  term  Siriusuritc  (the  dis- 
tance corresponding  to  a  parallax  of  0.2  seconds  of  arc)  :  the 
parallax  of  a  star  at  a  distance  of  one  siriofficter  would  be 
equal  to  o".2o6  +•  It  has  the  advantage  that  it  is  a  definite 
and  easily  remembered  multiple  of  the  astronomical  unit. 

H.  D.  Curtis. 

Rediscovery  of  Westphal's  Periodic  Comet. 

The  fourth  comet  of  the  year  was  discovered  on  September 
26,  1913,  by  Mr.  Delavan,  at  the  La  Plata  Observatory. 
Argentina.  This  proves  to  be  identical  with  Westphal's  comet 
of  1852,  which  was  expected  to  return  to  the  neighborhood  of 
the  Earth  this  year,  as  the  computed  period  was  about  sixty- 
one  years.  Only  three  comets  of  longer  period  than  this  have 
so  far  been  observed  at  a  second  return  to  perihelion.  These 
are  Halley's  comet,  Pons-Brooks'  comet  (1812-1883).  and 
Olbers-Brooks*  comet  (1815-1887).  In  1852,  Westphal's 
comet  was,  for  a  time,  visible  to  the  naked  eye,  though  not  a 
great  comet.  R.  G.  Aitken. 


GENERAL  NOTES. 


Phi'to^raf^hy  of  the  Aurora. — An  account  is  given  in  Xaturc 
?» r  Auijiiii  7th  of  the  excellent  results  which  have  been  secured 
b.  IVofcNsor  Carl  Stormer  in  auroral  photography.  The 
■-*:a  sicureil  by  the  exjxrdition  will  form  a  very  valuable  ex- 
itr.-:..n  It)  the  important  results  secured  photographically  by 
I>r  SioRMEiR  in  1910  at  the  same  station.  From  a  discussion 
•f  the  negatives  secured  at  that  time  the  average  height  of 
•He  auri>ra1  formations  was  found  to  be  about  seventy-five 
••'.ilo^,  though  some  formations  were  observed  as  high  as  two 
hnn<!rc<1  miles.  From  February  28th  to  April  ist,  636  pairs 
"f  viimihancous  photographs  of  the  aurora  were  made  at  the 
tm.»  stations  selected,  Ik)ssekop  and  Store  Korsnes,  in  north- 
em  X<>rway,  the  latter  station  being  nearly  seventeen  miles 
i*"rth  of  the  former.  Of  these  photographs.  450  pairs  are  said 
t-»  be  x-vr^'  satisfactory,  and  will  furnish  material  to  compute 
With  a  large  degree  of  accuracy  the  form,  position,  and  attitude 
t*i  a-]  the  principal  kinds  of  aurora  boreahs.  At  the  same  time 
exy*  Inures  were  made  with  a  prismatic  camera,  showing  super- 
f^'^rd  images  of  the  aurora  corresponding  to  the  diflFerent 
***rtral  line*?.  A  kincmatograph  was  also  successfully  em- 
^'"v^»^  to  obtain  successive  photographs  showing  the  rapid 
chaTi;res  which  take  place  in  form  of  the  auroral  streamers. 


I>r  Keivin  HiRNs  has  received  an  appointment  in  the 
K:ircau  of  Standards.  Washington,  D.  C.  Dr.  Burns  was  for 
several  years  assistant  in  the  Lick  ( )bservator\\  and  for  two 
>«ar*  fwst  has  hdd  the  Martin  Kellogg  Fellowship.  He  has 
^;cnt  the  major  portion  of  the  two  years  in  carr\'ing  out 
vncral  imfKJrtant  pieces  of  research  work  in  spectroscopy  in 
thr  j>hyNical  laboratories  at  Bonn  under  the  direction  of  Pro- 
fc^'-T  K\NsER,  and  at  Marseilles  under  Professors  Farrv  and 


Dr  Sebastian  Albrecht,  formerly  assistant  astronomer 
at  Lick  r  >bservator>'  and  first  astronomer  at  Cordoba,  Argen- 
tru.  ha*  been  appointed  astronomer  at  the  Dudley  Observa- 
t'-rx .  Albany.  X.  Y. 
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The  Minister  of  Public  Instruction  of  Argentina  has  autho- 
rized the  preparation  of  an  expedition  from  the  National  Ob- 
servatory at  Cordoba,  in  charge  of  Director  Perrine,  to  ob- 
serve the  Russian  total  solar  eclipse  of  August  20-21,  1914. 
The  expedition  will  be  composed  of  three  members  of  the  Cor- 
doba staff,  with  an  extensive  equipment  of  instruments,  and 
will  be  located  in  southern  Russia,  not  far  from  the  Black  Sea. 
It  is  expected  that  the  expedition  will  be  joined  by  astronomers 
from  the  Berlin,  Potsdam,  and  Konigsberg  observatories. 


An  Arithmetical  Curiosity}  —  What  is  the  largest  number 
that  can  be  expressed  by  three  digits?  The  answer  is,  of 
course,  9^* ;  it  is  a  number  of  inconceivable  and  appalling  mag- 
nitude, compared  with  which  the  huge  numbers  that  we  meet 
in  sidereal  astronomy  fade  into  absolute  insignificance:  9'  is 
729',  which  is  easily  found  to  be  387,420,489.  We  have  to 
multiply  the  logarithm  of  9  by  this  figure  in  order  to  obtain 
the  logarithm  of  9^*.  The  number  represented  by  this  arrange- 
ment of  three  digits  will  contain  369,693,100  digits.  The  first 
twenty-eight  of  these  figures  will  be  428,1 24,773,  I75,747,048r 
036,987,115,9,  and  the  last  three  figures  of  the  number  will 
be  289.  A  knowledge  of  only  thirty-one  figures  out  of  over 
three  hundred  million  may  seem  trifling,  but  in  reality  the  error 
involved  in  taking  all  the  remaining  figures  as  zeros  is  only 
one  part  in  a  thousand  quadrillions.  If  the  number  were  print- 
ed with  sixteen  figures  to  the  inch,  it  would  extend  over  364.7 
miles;  it  would  fill  thirty-three  large  volumes  of  800  pag^s 
and  14,000  figures  to  the  page.  There  are  more  than  twice  as 
many  digits  in  the  number  as  there  are  letters  in  the  whole 
of  the  Encyclopaedia  Britannica.  .  .  .  What  is  the  smallest 
thing  we  have  yet  thought  of?  Probably  an  electron  is  about 
the  right  answer.  Call  it  A.  And  what  is  the  largest?  Dr, 
Crommelin  takes  a  million  light-years  as  the  largest  distance 
of  a  star  yet  mentioned  seriously.  Describe  a  platinum  sphere 
of  this  radius,  and  find  the  number  of  electrons  in  it;  there 
will  be  ninety-one  figures  in  the  result.  Take  this  huge  sphere 
'R  as  an  electron  and  find  a  new  platinum  sphere  C,  which  shall 


"Abridged  from  Dr.  Crommelin's  paper  of  this  title  in  the  Journal  of  tht  Brit' 
ish  Astronomical  Association  for  May,  1913,  and  from  The  Observatory  for 
July,  1913. 
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be  in  !hr  "^ame  relation  to  it  as  that  just  sketched  (B  to  A). 
Take  C  as  an  electron  and  find  D,  with  the  same  ratio.  Take 
D  as  an  electron  and  find  E ;  take  E  as  an  electron  and  find 
F.  E  will  contain  fewer,  and  F  more  electrons,  than  this 
eiKHTnous  number. 


Lo*i^itude  Determinations  by  Wireless  Telegraphy. — Accord- 
inj;  u»  a  circular  issued  by  Captain  J.  L.  Jaynk.  Superintendent 
of  the  I'.  S.  Xaval  Observatory,  there  is  to  be  conducted,  be- 
twctn  October  i,  1913.  and  April  15,  1914.  "a  determination 
of  the  diflTerence  of  longitude  between  the  U.  S.  Naval  Ob- 
vr\-ai»>r>'  in  Washington  and  the  Paris  Observatory  in  France, 
mili/ing  radio  signals  from  the  Naval  Radio  Station  at  Arling- 
t*  n  and  from  the  Eiffel  Tower  Station  in  Paris." 

It  is  planned  that  the  astronomical  work  shall  be  done  with 
irvtrunx*nts  of  high  precision,  every  precaution  being  taken 
In  cktermine  the  clock  corrections  "with  extremely  small  acci- 
dental and  systematic  errors,  either  instrumental  or  personal." 

The  invitation  is  extended  to  any  observatory  within  radio- 
receiving  distance  from  Washington  to  determine  its  longitude 
relatively  to  that  of  the  Naval  Observatory,  by  installing  a 
ra<li<>- receiving  apparatus. 


A  Snv  RcHecting  Telescope  for  Canada. — The  powers  of 
a^nmomical  mirrors  have  developed  so  extensively  in  the  last 
decade  that  many  new  reflectors  have  been  and  are  being  con- 
rtructc<i.  The  greatest  success  of  a  decade  ago  was  attained 
»uh  the  Crossley  reflector  and  the  most  recent  is  that  of  the 
Mt'unt  Wilson  fjo-inch.  The  mammoth  mirror  of  the  present 
day  is  the  loo-inch  to  be  mounted  soon  on  Mount  Wilson. 
Rejectors  have  been  set  up  at  Yerkes,  Harvard  College,  Alle- 
cheny.  Detroit,  and  I-owell  observatories  in  the  I'nited  States, 
and  at  .\rei)uipa,  Santiago  de  Chile,  and  Helwan,  Egypt,  and 
new  lines  are  being  designed  for  the  University  of  Illinois 
and  the  Dominion  of  Canada.  That  for  Canada  will  be  as  large 
i^  larger  than  the  largest  now  of  demonstrate<i  success — 
namely.  ^lO  or  70  inches. 

It  is  the  intention  of  the  Dominion  Government  to  spend 
$^'>.ofX)  for  the  new  instrument  and  to  locate  it  at  an  altitude  of 
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a  few  thousand  feet,  probably  in  or  west  of  the  Canadian  Rock- 
ies. Bids  for  construction  have  been  requested  from  builders  in 
Great  Britain  and  the  United  States.  Specifications  have  been 
laid  down  by  Dr.  W.  F.  King,  chief  astronomer,  and  appear  in 
the  Journai  of  the  Royal  Astronomical  Society  of  CafvadOj  7, 
216.  Many  of  these  specifications  will  be  of  interest  to  those 
who  are  interested  in  astronomical  work.  Dr.  Plaskett,  of 
the  Dominion  Observatory,  has  visited  California  Observa- 
tories to  inspect  their  reflectors  and  Mr.  Harper  has  been 
searching  for  a  site  in  Western  Canada,  investigating  in  par- 
ticular the  **seeing."  In  this  connection,  he  recently  visited 
Mount  Hamilton. 

The  principal  work  of  this  telescope  will  be  that  of  spec- 
troscopic observation  for  which  the  telescope  will  be  used  in 
Cassegrainian  form,  like  the  D.  O.  Mills  reflector  at  Santiago 
de  Chile,  the  spectrograph  being  attached  below  the  primary 
mirror.  The  telescope  will  also  be  used,  like  the  Crossley 
and  60-inch  reflectors,  for  direct  photography  at  the  primary 
focus,  or  at  the  Newtonian  focus  at  the  side  of  the  upper 
end  of  the  tube,  or  at  the  Cassegrainian  focus  below  the  mirror. 

According  to  the  specifications,  the  mirrors  shall  be  cast 
of  hard  crown  glass,  free  from  large  defects  and  strains  and 
thoroughly  annealed.  The  diameter  of  the  large  mirror  is 
to  be  five  or  six  feet,  and  that  of  the  small  mirror  about 
twenty  inches.  The  thickness  of  the  glass  for  the  former  is 
to  be  at  least  eight  inches.  The  focal  length  of  the  primary 
mirror  will  be  twenty-five  or  thirty  feet  and  that  of  the  Casse- 
grainian combination  ninet>'  or  more  feet.  The  optical  surfaces 
shall  be  of  the  highest  quality  and  figuring,  and  shall  be  tested 
by  the  Foucault  or  knife-edge  method.  The  tests  shall  not 
show  variations  of  more  than  a  hundredth  of  an  inch  from  the 
theoretically  computed  values  of  the  radii  of  curvature  of 
diflFercnt  zones.  The  artificial  star  used  in  the  testing  shall  be 
formed  by  the  condensation  of  the  light  of  a  powerful  electric 
arc  on  a  small  hole  not  greater  than  two  thousandths  of  an 
inch  in  diameter.  Constant  temperature  shall  be  maintained 
during  the  testing.  The  Hartmann  test  shall  be  provided  for 
if  required.  The  tests  shall  finally  be  performed  and  the 
results  approved  by  the  representative  of  the  government. 
Flat  mirrors  shall  be  provided  for  the  Newtonian  form  of  the 
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icicscoiw.  Eyc-picccs  shall  be  provided  for  the  Newtonian 
aixl  Cassegrainian  focus.  Guiding  eye-pieces  shall  be  provided 
m:th  the  double  slide  plate-holder  for  direct  photography.  Two 
f'  ur-inch  finders  shall  be  fixed  to  the  lower  end  of  the  tube. 
1  Hk  seven-inch  finder  of  long  focus  shall  be  provided. 

The  mounting  is  to  consist  of  a  long  polar  axis  supported 
Km  MTjiarate  columns  and  of  a  declination  axis  located  between 
the  bearings.  The  tube  will  be  mounted  on  the  declination 
a\i*  a-*  close  as  possible  to  the  polar  axis.  This  form  of  mount- 
ing: is  like  that  of  the  Melbourne,  the  Paris,  and  the  Ann  Arbor 
rtP.ect<»rN.  The  supporting  piers  shall  be  of  cast  iron,  provided 
Hith  the  usual  means  of  adjustment  in  altitude  and  azimuth. 

\ll  hearings  shall  be  roller  bearings,  running  in  bearing  sleeves 
*■!  hard  steel  ground  with  greatest  accuracy.  Hand  wheels  for 
fjujck  nv»tion  shall  be  provided  on  the  piers  and  the  setting  cit- 
:x^  shall  be  arranged  so  as  to  be  conveniently  read  from  these 
Harwl  wheels.  The  right-ascension  circle  shall  be  given  motion 
*t  the  sidereal  rate  so  that  the  setting  may  be  made  directly 
ir-^n  right  ascension.  Quick  motion  in  declination  shall  also 
he  j^vcn  by  an  electric  motor.  Slow  motions  in  right  ascen- 
*i-*i  and  declination  shall  be  effected  by  means  of  electric 
n>«t">rs,  controlled  by  switches  which  may  be  held  in  the  hand 

•t  the  observer  either  at  the  upper  or  the  lower  end  of  the 
tut>e  tu  enable  the  fine  setting  and  guiding  to  be  done  at  the 
t:':«!crs  and  guiding  eye-pieces. 

The  telescope  tube  shall  consist  of  a  closed  central  section  of 
cast  iron  and  an  upper  section  of  skeleton  construction,  which 
^'hall  be  as  light  as  possible  consistent  with  rigidity.  The 
Pcxure  shall  not  exceed  one  eighth  of  an  inch  when  the  tube 
l^  horizontal.  The  upper  end  of  the  tube  shall  be  so  designed 
I*  to  allow  convenient  change  from  one  form  of  telescope  to 
an.  it  her — that  is.  from  Cassegrainian  to  Newtonian  or  to  prime 
hnm**  r>bservation.  The  secondary  mirror,  which  will  be  nearly 
twenty-three  feet  above  the  primary  mirror,  shall  be  held 
T.'^'htly  without  constraint  in  its  cell,  but  easily  movable  for 
i'irstTnent  in  collimation  and  for  foaising.  The  fcKusing  shall 
>K  cffecte<l  by  rods  and  gears  extending  to  the  lower  end  of 
the  tube.  The  upper  end  of  the  tube  must  rotate  for  proper 
j-'^iti«in  in  guiding.  The  mirror  cell,  which  shall  be  of  cast 
r^n.  containing  a  system  of  counter- weights  to  support  the 
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mirror,  will  be  attached  beneath  the  central  section.  A  ring 
three  feet  in  diameter  will  be  cast  on  to  the  bottom  of  the  cell, 
which  will  allow  for  attaching  and  rotating  the  spectrograph. 
The  frame  holding  the  spectrograph  may  extend  as  much  as 
eight  feet  below  the  mirror  cell,  but  the  lower  end  of  the 
spectrograph  frame  shall  not  exceed  one-half  of  the  diameter 
of  the  upper  end.  The  driving  clock  shall  have  gears,  finely 
ground  and  without  any  periodic  error.  The  driving  worm 
and  wheel  shall  be  cut  as  truly  as  possible  and  finished  by 
grinding.  A  system  of  wiring  for  illumination  of  circles, 
guiding  eye-pieces,  and  for  quick-  and  slow-motion  motors  and 
wires  for  the  spectrographic  apparatus  shall  be  designed  and 
installed  without  bearing  rings  or  brushes. 

For  the  purpose  of  transportation,  no  piece  of  the  telescope 
shall  weigh  more  than  five  tons.  The  telescope  shall  not  be 
considered  completed  until  it  operates  to  the  satisfaction  of 
the  representative  of  the  government. 

This  instrument  should  prove  to  be  of  great  capacity  in  per- 
forming its  contemplated  work.  G.  F.  P. 
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NOTICB 
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«%       "(jch  active  member  shall  pay.  as  annual  dues,  the  sum  of  hve  dollars. 
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THE    ELECTRIC-CELL    PHOTOMETER. 


By  W.  W.  Campbell, 


The  '.f>ectruscope  and  the  photographic  dry-plate  are  very 
pr  'Tiinent  amongst  the  astronomer's  tools,  and  it  is  always  a 
plra^urc  to  acknowledge  that  the  physicists  and  chemists  dis- 
ci'NcrtM!  their  fundamentals  and  made  the  first  applications. 
T')e  i^hysicists  are  now  developing  another  instrument  which 
n-.a>  l)e  a-^  im|x>rtant  to  astronomers  as  the  spectroscope  has 
bcrn. 

Stu*lics  in  the  conduction  of  electricity  through  gases  led  to 
the  invention  of  the  photo-electric  cell  by  Elster  and  Geitel. 
In  it>  dements  this  cell  consists  of  a  glass  bulb,  a  section  of 
mh  m:  inner  surface  is  coated  with  a  deposit  of  an  alkaloid 
rctaL  •^uch  as  |H)tassium  or  sodium,  which  contains  only  a 
vcn  minute  quantity  of  a  suitable  gas ;  and  from  whose  coated 
an*i  n»»n-<:oate<l  interior  sections  lead  off,  respectively,  the  two 
m:rt5  of  an  electric  circuit.  If  the  cell  is  in  absolute  darkness, 
Tii»  current  will  pass  across  the  gap  in  the  cell  between  the 
tcniiinaU  of  the  circuit  wires;  but  if  a  faint  light  is  permitted 
tn  fall  upm  the  alkaloid  surface,  the  rarified  gas  in  the  cell 
hcc'itne>  a  con<iuctor  and  permits  current  to  pass  between  the 
temiinaN,  The  quantity  of  current  passing  is  a  function  of  the 
i":irnnation ;  and.  conversely,  the  strength  of  the  current,  as 
n>casure<l  by  an  electromer  in  the  circuit,  or  by  other  means, 
is  a  measure  of  the  intensity  of  the  illumination. 

K«»iH  of  Munich  has  made  some  wonderful  applications  of 
the  electric  cell  to  laboratory  photometry:  reproducing  auto- 
nutically,  on  a  large  scale  and  with  great  accuracy,  the  inten- 
'^itv  nirx-cs.  of  photographic  spectra;  even  giving  strong  en- 
couragement, and  almost  the  assurance,  that  the  accurate  posi- 
ti^'n**  of  pot)rly  defined  spectral  lines  can  be  determined  by  this 
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method.  Koch's  papers  can  be  found  in  Wiedemann's  Annalen 
der  Physik  of  the  past  year. 

Professor  Kemp  of  the  University  of  Illinois  (a  colleague 
of  Professor  Stebbins  of  selenium  photometer  fame)  published 
a  valuable  paper  in  the  Physical  Review,  April,  191 3,  on  those 
features  of  electric  cells  which  seem  to  concern  their  use  as  the 
basis  of  sensitive  photometers.  By  experimentation  with  cells 
coated  respectively  with  sodium,  potassium,  rubidium  and 
caesium,  and  containing  hydrogen  gas  at  pressures  of  only  a 
few  millimeters,  he  determined  the  conditions  of  voltage,  tem- 
perature, pressure,  and  distance  between  electrodes,  which  give 
maximum  sensitiveness  to  the  electric  cell, — within  the  range 
of  the  experimental  program  followed.  He  found  that  his 
potassium-hydrogen  cell  was  "about  two  hundred  times  more 
sensitive  than  the  selenium  cell."  The  astronomical  applica- 
tions of  the  cell  were  recognized  as  promising  by  Kemp  when 
he  wrote:  "We  hope  to  use  these  photo-electric  cells  for  the 
measurement  of  the  light  from  the  fixed  stars." 

The  selenium  photometer  as  developed  and  applied  to  the 
study  of  variable  stars  by  Stebbins,  in  the  past  five  years, 
had  quite  out-classed  in  accuracy  all  existing  forms  of  photo- 
meters; but,  early  in  the  summer  of  1913,  Stebbins  wrote  me 
from  Europe  that  upon  returning  to  Illinois  he  prc^osed  to  lay 
the  selenium  photometer  on  the  shelf,  at  least  for  a  time,  and 
try  an  electric-cell  photometer. 

These  preliminaries  quite  prepared  me  for  Rosenberg's 
paper,  at  the  Hamburg  meeting  of  the  Astronomische  Gesell- 
schaft,  in  August,  19 13,  in  which  he  presented  some  remark- 
able results  obtained  by  Meyer  and  Rosenberg  with  an  elec- 
tric-cell photometer  attached  to  the  5-inch  refractor  of  the 
Oesterberg  Observatory,  Tubingen,  Germany,  in  measuring  the 
light  of  stars  between  the  fifth  and  sixth  magnitudes :  as  well 
as  for  Director  Struve's  remarks  on  similar  observations  by 
Guthnick  at  the  new  observatory  of  Berlin  University  (near- 
ly completed,  at  Neu-Babelsberg,  near  Potsdam). 

By  way  of  comment  on  Rosenberg's  paper,  Stebbins  went 
to  the  blackboard  and  wrote  down  the  following  table,  con- 
trasting the  work  of  Meyer  and  Rosenberg's  electric-cell 
photometer  and  his  own  selenium  photometer.    The  numerical 
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data  may  not  be  exactly  correct,  as  printed  below,  for  I  write 
them  dcmn  from  memory ;  but  they  are  essentially  right. 


rwccr. 

Tekftcope. 

Surof 

Time  to  Make 
Observation. 

Probable 
Error  of  One 
Determination. 

t>ctric-<el! 

5-inch 

5th  mag. 

2min. 

±  0.003  mag. 

StkimiiD 

12-inch 

2nd  mag. 

6omin. 

±  ox>i    mag. 

A  few  days  following  the  Hamburg  meeting  I  had  the  op- 
portunity to  see  GuTH nick's  photometer  attached  to  a  small 
refractor,  and  to  learn  of  some  remarkable  results  obtained 
<m  certain  interesting  stars,  but  it  is  not  for  me  to  describe 

If  the  electric-cell  photometer,  attached  to  small  telescopes, 
can  measure  the  light  of  a  fifth-magnitude  star,  in  a  few  min- 
ntc«.  with  an  accuracy  of  a  few  thousandths  of  a  magnitude, — 
and  this  on  the  first  trials  of  the  instrument, — we  are  entering 
a  new  era  in  the  study  of  the  variable  stars.  The  conspicuous 
diflfculties  may  lie  in  the  variable  transparency  of  our  atmos- 
fthcre,  or  in  the  variable  brightness  of  comparison  stars.  It 
nuy  in  fact  be  found  that  the  star  of  constant  brightness  is 
the  exception  and  not  the  rule.  The  electric -cell  photometer 
n;a>  become  as  important  a  tool  as  the  spectroscope  and  dry 
piate  are. 

.Kuf^A^U  1913- 


REVIEW. 


By  Edwin  B.  FtosT. 


Sttu  \«  MiiTMNis  with  special  reference  to  motions  determined  by  the 
^pev-irngraph :  The  Silliman  I-ectures,  delivered  at  Yale  University 
\i\'  William  Wallnci:  Campbell,  Sc.D..  LL.D..  Director  of  the 
Lick  Ol>^rvator>\  University  of  dlifomia.  New  Haven:  Yale 
l'm\er*ity  Press,  1913.  8vo.  Pp.  328,  with  numerous  illustrations. 
Price.  $4.00  neL 

The  value  of  endowed  lectureships  is  fortunately  not  limite<l 
tM  the  casual  auditors  or  to  the  institutions  in  which  they  are 
Ip\en,  however  useful  the  stimulus  of  the  presence  of  the  guest 
fnjm  without  may  be  to  hearers  and  institutions.    The  lecturer 
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himself  is  often  a  chief  beneficiary,  as  a  definite  engagement 
may  induce  him  to  halt  his  work  of  observing  long  enough  to 
make  the  necessary  summaries  and  generalizations  for  his 
course  of  lectures.  The  general  and  special  public  gets  its 
benefit  when  the  lectures  are  printed  and  thus  reach  their  widest 
circle  of  influence. 

The  temptation  is  strong  indeed  for  a  busy  worker  in  a  new 
and  broadening  field  to  continue  to  collect  all  the  possible  data 
in  his  laboratory  with  a  view  to  furnishing  an  adequate  basis 
for  subsequent  conclusions.  The  necessity  of  pausing  to  take 
account  of  stock  and  to  draw  preliminary  inferences  may,  how- 
ever, lead  him  to  new  inductions,  more  important  than  he  may 
himself  realize  at  the  outset 

The  officers  of  Yale  University  charged  with  providing  for 
the  course  designated  as  "The  Mrs.  Hepsa  Ely  Silliman 
Memorial  Lectures"  were  fortunate  in  choosing  as  lecturer 
Professor  Campbell,  Director  of  the  Lick  Observatory.  Thus 
was  insured  an  authoritative  presentation  of  methods  and  re- 
sults in  one  of  the  most  important  branches  of  modem  astro- 
nomical research,  for  which  most  of  the  data  was  available  on 
the  spectrograms  already  obtained  by  the  Lick  Observatory  in 
the  effective  campaign  planned  and  executed  by  Campbell  dur- 
ing the  previous  fifteen  years. 

The  time  was  also  particularly  appropriate,  as  the  feeling 
was  developing  among  some  astronomers  that  enough  spec- 
trographic  data  had  already  been  collected  to  permit  some 
reliable  generalizations  as  to  the  motions  of  Sun  and  stars. 
Other  investigators  were  taking  up  the  subject,  but  none  with 
data  at  all  comparable  with  the  rich  material  of  observation  in 
the  possession  of  the  Lick  Observatory. 

The  lectures,  eight  in  number,  were  delivered  between  Jan- 
uary 24  and  February  4,  1910.  The  preface  is  dated  June  i, 
191 2,  but  the  volume  did  not  appear  from  the  press  until  a  full 
year  later.  This  interval  gave  the  author  opportunity  to  refer 
in  occasional  footnotes  to  some  of  the  interesting  matters  devel- 
oping in  the  meantime.  Each  lecture  constitutes  a  chapter  in 
the  book,  averaging  about  forty  pages  in  text. 

The  introductory  chapter  gives  an  excellent  historical  state- 
ment, especially  referring  to  the  development  of  the  Doppler- 
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I'izcau  principle  of  determining  the  linear  velocity  of  celestial 
•  ^jeas  from  the  shifts  of  the  lines  in  their  spectr^.  It  is  inter- 
cvtinij  to  note  here  that  Fizeau's  lecture  in  1848,  in  which 
the  principle  was  first  stated  correctly,  was  not  published  until 
t»cnty-two  years  afterward,  so  little  was  its  subsequent  impor- 
unce  foreseen.  A  brief  outline  follows  of  the  simple  theory  of 
^p<ctR»scopic  measurements,  and  then  is  given  a  short  discus- 
*:««  of  the  various  types  of  stellar  spectra. 

The  second  lecture  deals  with  the  development  of  the  photo- 
js'raphic  method,  the  requirements  for  accurate  results,  the 
pri»(»fs  of  the  correctness  of  the  observed  motions,  and  the  con- 
(!i:i<His  other  than  those  of  motion  which  may  affect  the  posi- 
ti«xi  of  spectra  lines.  Proper  emphasis  is  placed  upon  the  im- 
mense a<lvance  made  when  photography  was  successfully  ap- 
jlicd  in  1888  by  V(x;el  and  Scheiner  at  Potsdam  to  the  spec- 
in»scf>fMc  measurements  of  motions  in  the  line  of  sight.  The 
next  steps  of  progress  were  due  to  Campbell  in  his  design 
f^{  the  Mills  spectrograph  (1895-6)  and  his  working  out  of 
n>etho<is  of  reduction  of  the  spectrograms  whereby  the  best 
stellar  lines  were  utilized  whether  or  not  matched  by  compari- 
vm  lines.  The  spark  between  iron  electrodes  was  regularly 
used  as  source  for  the  comparison  spectrum  (as  originally 
«^RP^^^^  ^y  ^'ocEL  and  so  used  by  him  for  Sirius) .  Attention 
*a$  paid  to  many  small  details  of  adjustment  and  observation^ 
and  a  surprising  and  even  unexpected  accuracy  was  attained 
with  the  first  "Mills  spectrograph."  This  instrument  certainly 
was  fortunate  in  its  prisms  and  other  optical  parts,  for  the 
definition  has  not  been  improved  upon,  for  the  brighter  stars, 
by  the  later  spectrographs  designed  at  the  Lick  Observatory, — 
the  instrument  for  Qiile  ( 1910)  and  the  "New  Mills"  spectro- 
graph ( 1902).  The  newer  design,  tending  to  eliminate  flexure 
for  longer  exposures,  extended  the  same  accuracy  (for  a  dis- 
persion of  three  prisms)  to  the  stars  as  faint  as  visual  magni- 
tude 5.0.  In  this  chapter  the  student  will  be  assisted  by  the 
(juoutions  made  from  Campbell's  eariier  papers,  relative  to 
hi?  method  of  reduction  of  spectrograms,  to  the  derivation  of 
planetary  velocities  from  the  American  Ephemeris  by  inter- 
pi4ation,  and  to  the  computation  of  the  Earth's  velocity  in  the 
dirccticm  of  a  star. 
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Chapter  III  treats  of  rotational  velocities  in  the  solar  system 
and  of  the  radial  velocities  for  individual  stars,  the  first  topic 
including  a  'short  reference  to  the  spectroscopic  observation 
of  the  solar  rotation  and  a  fuller  account  of  similar  work  on  the 
planets.     Keeler's  classic  paper  in  the  first  volume  of  the 
Astraphysical  Journal,  demonstrating  the  rotation  of  Saturn  s 
rings,  is  quoted  from  at  some  length.    Under  the  second  topic 
are  cited  the  observed  values  of  separate  plates  of  stars  of  dif- 
ferent spectral  types  and  of  different  magnitudes,  chiefly  from 
Lick  results.     The  examples  selected  show  remarkably  good 
accordance.     The  effect  of  the  solar  motion  is  well  exhibited 
to  the  general  reader  by  the  grouping  of  twenty-five  velocities 
in  the  vicinity  of  the  vernal  equinox,  of  twenty-five  near  the 
autumnal  equinox,  and  similarly  for  the  region  of  the  apex  of 
the  Sun's  way  near  the  constellations  Hercules  and  Lyra,  and 
for  the  region  of  the  antapex.     The  stars'  names  were  not 
given,  consistently  with  the  author's  policy  of  not  publishing 
individual   values   before   the   author's   general   studies  upon 
them  and  generalizations  from  them  could  be  completed  with 
sufficient  data. 

Lecture  IV  deals  in  a  clear  and  interesting  manner  with  the 
solar  motion  as  determined  from  stellar  proper  motions  across 
the  line  of  sight  and  with  the  systematic  or  "stream"  motions 
of  the  stars.  Of  yet  more  interest  is  the  following  lecture,  on 
the  spectrographic  determination  of  the  solar  motion,  which 
was  one  of  the  main  objects  of  the  lo-years'  campaign  at 
Mount  Hamilton  and  Santiago  for  radial  velocities.  A  clear 
statement  is  given  of  the  advantages  of  using  the  motions  in  the 
line  of  sight,  but  the  author  very  justly  adds :  "However,  the 
greatest  value  of  radial  velocities  lies  not  in  their  advantage 
over  proper  motions,  but  in  aiding  proper  motions  to  come  into 
their  own  strategic  worth."  The  simple  procedure  is  given 
for  deriving  the  right  ascension  and  declination  of  the  apex, 
and  the  solar  velocity.  Emphasis  is  properly  placed  on  the  dif- 
ficult part  of  statistical  investigations  of  this  sort, — namely,  the 
assignments  of  the  proper  weights  for  different  stars  and  the 
possible  rejection  of  stars  in  groups  having  parallel  motions. 
This  opens  the  way  for  a  short  story  of  the  work  (chiefly  by 
Ludendorff)   on  the  bright  stars  in   Ursa  Major  and  their 
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explanations  suggested,  that  of  a  pressure  effect  in  the  ex- 
tensive atmospheres  of  Class  B  stars  appears  to  be  by  far  the 
most  probable  one,"  an  opinion  probably  now  shared  by  most 
others  concerned  with  this  matter. 

From  this  difference  in  the  average  velocities  for  Secchi's 
first  and  second  types;  from  the  fact  that  the  280  radial 
velocities  published  by  himself  in  1901,  chiefly  of  stars  of  types 
G,  K  and  M,  averaged  17.06*'",  while  twenty  helium  or  B 
stars,  observed  elsewhere,  averaged  only  7"™ ;  and  from  a  pre- 
liminary tabulation  of  about  sixty  stars  of  class  M,  yielding 
about  17*'"'  per  second,  Campbell  was  able  to  state:  "The 
progression  of  average  velocity  with  advancing  spectral  type 
is  clear  and  unmistakable." 

A  year  after  the  delivery  of  the  lectures  fresh  determinations 
of  the  solar  motion  were  made,  based  upon  nearly  1,200  stars, 
and  fourteen  solutions  are  given  in  Table  XV,  the  different 
spectral  types  being  treated  separately.  The  constant  K,  or 
the  apparent  correction  required  for  systematic  error,  is  de- 
rived for  all  but  one  of  the  solutions,  amounting  to  +  4*^"*  (as 
already  stated)  for  type  B  and  for  type  M,  to  about  +  i.o^" 
for  A  stars,  to  o  for  class  F  and  G,  but  to  about  +  2**"  for  class 
K.  The  value  of  Vo,  the  Sun's  speed,  comes  out  about  20^ 
from  the  B  stars,  17''"*  from  the  A  stars,  is**"  for  the  F  and  G 
stars  and  21^"  for  the  M  stars;  the  author  infers  that  "V© 
appears  to  be  a  function  of  the  spectral  class  upon  which  it 
rests,  at  least  as  far  as  the  brighter  stars  are  concerned."  This 
lecture  concludes  with  a  discussion  of  the  average  distances 
of  the  stars  as  derived  from  the  relations  of  radial  velocities 
and  the  proper  motions,  according  to  Kapteyn's  procedure, 
which  is  clearly  stated.  The  radial  velocities  are  also  given  in 
this  chapter  for  eighty-eight  stars  with  proper  motions  greater 
than  o".50,  tabulated  with  reference  to  Kapteyn's  preferential 
vertex. 

Chapter  VII  is  devoted  to  the  binary  stars  and  naturally  is 
chiefly  occupied  with  spectroscopic  binaries,  from  which  no 
stellar  spectroscopist  can  or  would  escape.  The  treatment  is 
clear,  and  many  interesting  conclusions  are  drawn  from  this 
comparative  study  of  these  binaries  and  their  orbits ;  the  main 
points  have  been  available  to  readers  since  the  "Second  Cata- 
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I'^IO. 

Clupter  \*III  treats  of  the  variable  stars,  of  course  chiefly 
»i!h  rc^jiect  to  their  radial  velocities.  Except  for  the  eclipsing 
*>^iCTnN,  there  remains  much  to  be  explained  regarding  these 
hi»«iics,  but  the  known  facts  are  brought  out  with  the  author's 
n-ual  discrimination  and  judgment,  and  will  hold  the  attention 
of  even  the  untechnical  reader. 

While  many  of  the  topics,  particularly  of  chapters  VI  and 
\  HI.  have  been  discussed  by  the  author  in  the  Lick  Bulletins 
Mnce  the  date  of  these  lectures,  the  presentation  given  in  this 
«cll-balanced  volume  will  be  found  of  the  greatest  value  and 
o<ivcnience  alike  to  those  familiar  with  spectroscopic  work 
an«i  to  those  engaged  in  other  astronomical  or  physical  re- 
varrhes.  as  well  as,  and  particularly,  to  college  teachers  of 
a*'tnKH)my. 

The  ty|x>graphy  of  the  book  is  excellent,  and  the  proofs  were 
n-idently  read  with  much  care.  Qeamess  would  have  been 
jfainctl  by  the  use  of  sub-heads  in  the  chapters ;  but  the  chang- 
ing* running  heads  of  the  pages  partly  supply  this  deficiency. 
The  numerous  half-tones  are  fairly  good,  but  they  fail  to  do 
justice  to  the  excellence  of  the  originals,  particularly  in  case  of 
the  stellar  spectra.  They  should  have  been  printed  on  a  more  suit- 
able paper,  as  inserts ;  lighter  paper  could  then  have  been  used 
f<>r  the  text,  and  the  illustrations  could  then  have  been  placed 
near  the  text  describing  them.  They  are  without  plate  num- 
bers and  scattered  at  random  through  the  book:  in  fact,  one 
grts  the  impression  that  the  printer  failed  to  consult  with  the 
author  on  this  matter.  But  these  are  only  minor  defects  of  a 
remarkably  valuable  book. 

YuKrs  Obsekvatckv,  November,  1913. 
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PLANETARY    PHENOMENA    FOR   JANUARY   AND 
FEBRUARY,  1914. 


By  Malcolm  McNeill. 


PHASES  OF  THE  MOON,  PAaFIC  TIME. 


First  Quarter  .Jan.  4,   5*»  9™  a.m. 

Full  Moon   "    II,   9    9    P.M. 

Last  Quarter  . .  "   18,   4  30    p.m. 
New  Moon "   25,1034    p.m. 


First  Quarter  .  .Feb.  3,  2^  33^  a.m. 

Full  Moon   "    10,  9  35    P.M. 

Last  Quarter  ..  "   17,  i    23    a.m. 
New   Moon    ..."   24,  4     2     p.m. 


There  will  be  four  eclipses  during  1914,  two  of  the  Sun 
and  two  of  the  Moon. 

The  first  of  these  is  an  annular  eclipse  of  the  Sun  on  Feb- 
ruary 24.  No  part  of  this  will  be  visible  from  any  part  of  the 
United  States.  The  eclipse  region  lies  almost  wholly  in  the 
southern  hemisphere,  only  a  very  small  portion  being  north  of 
the  equator.  The  eclipse  may  be  seen  as  a  partial  one  from  a 
part  of  New  Zealand  and  a  small  portion  of  South  America. 
These  are  the  only  places  from  which  it  may  be  seen  even  as 
partial,  except  a  few  small  islands  in  the  South  Pacific. 

The  Earth  is  in  perihelion  and  reaches  its  least  distance  from 
the  Sun  about  noon  of  January  3d. 

Mercury  is  a  morning  star  on  January  i,  rising  a  little  less 
than  an  hour  before  sunrise,  and  is  therefore  hardly  visible  to 
the  naked  eye  at  that  time.  It  is  rapidly  approaching  the  Sun 
and  passes  superior  conjunction  on  the  night  of  January  24th- 
25th,  becoming  a  morning  star.  It  then  moves  away  from  the 
Sun  and  by  the  end  of  the  first  week  in  February  it  sets  about 
an  hour  after  sunset.  It  reaches  its  greatest  east  elongation, 
18°  8',  on  February  22d,  and  will  then  remain  above  the  hori- 
zon about  an  hour  and  one  half  after  sunset.  This  interval 
diminishes  about  a  quarter  of  an  hour  by  the  end  of  the  month, 
but  for  the  last  three  weeks  in  February  it  may  be  seen  low 
down  near  the  western  horizon  in  the  evening  twilight.  The 
distance  from  the  Sun  is  somewhat  less  than  the  average  at 
time  of  greatest  elongation,  as  this  occurs  about  a  day  after 
perihelion  passage.     It  is  in  conjunction  with  Venus  on  Jan- 
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between  the  present  one  and  the  one  next  following.  The 
interval  will  be  only  766  days,  while  that  between  the  oppo- 
sitions of  1907  and  1909  was  811  days. 

Jupiter  is  not  in  good  position  for  observation.  On  Januarj' 
1st  it  is  an  evening  star,  setting  a  little  more  than  an  hour  after 
sunset,  but  its  apparent  distance  from  the  Sun  diminishes  rap- 
idly, and  it  comes  to  conjunction  with  the  Sun  on  January  20th. 
It  then  becomes  a  morning  star,  and  by  the  end  of  Februar)' 
it  rises  rather  more  than  an  hour  before  sunrise.  It  may 
therefore  be  seen  for  a  few  days  at  the  beginning  and  end  of 
the  period. 

Saturn  passed  opposition  with  the  Sun  early  in  December, 
and  is  therefore  in  good  position  for  evening  observation.  It 
remains  above  the  horizon  until  after  5  a.  m.  on  January  ist, 
and  until  after  i  a.  m.  on  February  28th.  It  is  in  the  con- 
stellation Taurus  north  and  east  of  the  first-magnitude  star 
Aldcharan,  It  moves  westward  about  2°  until  February  nth 
and  then  moves  slowly  eastward.  As  seen  in  the  telescope  the 
ratio  of  minor  to  major  axis  of  the  rings  is  about  44  per  cent, 
nearly  the  maximum. 

Uranus  is  in  bad  position  for  observation,  as  it  comes  to  con- 
junction with  the  Sun  on  January  27th,  being  an  evening  star 
until  that  date  and  a  morning  star  afterward,  but  too  near 
the  Sun  for  naked-eye  observation  throughout  the  two  months. 

Neptune  is  in  opposition  to  the  Sun  on  January  17th,  and  is 
then  in  the  range  of  vision  throughout  the  entire  night.  It  is 
on  the  border-line  between  the  constellations  Getmni  and 
Cancer. 
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.SEVENTY-EIGHTH)*  AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 
The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  Monsieur  A.  Schaumasse,  of  Nice, 
France,  for  the  discovery  of  an  unexpected  comet  on  May 
tK  191 3.  Committee  on  the  Comet-Medal: 

W.  W.  Campbell, 

S.    D.   TOWNLEY, 

H.  D.  Curtis. 


.  SEVEXTY-XIXTin    AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 
The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  Rev.  J.  H.  Metcalf,  of  Taunton,  Massa- 
chusetts^, for  the  discovery  of  an  unexpected  comet  on  Septem- 
ber I,  1913.  Committee  on  the  Comet-Medal: 

W.  W.  Campbell, 

S.    D.   TOWNLEV, 

H.  D.  Curtis. 


(EKiHTIETH)   AWARD  OF  THE  DONOHOE 

COMET-MEDAL. 

The  C(>met-Me<lal  of  the  Astronomical  Society  of  the  Pacific 

Hi%  been  awarded  to  Monsieur  G.  Neujmin,  of  Simeis.  Russia, 

t<»r  the  <!i*^:over>'  of  an  unexpected  comet  on  September  3.  1913. 

Committee  on  the  Comet-Medal : 

W.  W.  Campbell, 
S.  D.  Town  LEV, 
H.  D.  Curtis. 

■  TS*   ihrrr  rotnet-MrHtl   awards  made  on    November    to,    191a.   and   announced 
1^   !<*<■**   PmNuaitcns   (Volume   XXIV.   page   26S).   were  inadvertently   riven   num- 
Vr«    I,,,    tmall    by    one.      They    should    be    numbered    respectively    (Seventy-fifth). 
'v«rot9-«tktb).  and  (Seventy-teventb). 


NOTES    FROM    PACIFIC   COAST   OBSERVATORIES. 


Note  on  the  Determination  of  Radial  Velocities  of 

NEBULiE. 

For  several  years  it  has  been  planned,  as  soon  as  oppor- 
tunities should  come,  to  measure  the  radial  velocities  of  all 
so-called  gaseous  nebulae  whose  intrinsic  brightnesses  are  suf- 
ficient to  record  their  spectra  in  exposures  of  reasonable  lengths. 

Observations  of  the  southern  nebulae  were  begun  in  1911  by 
Messrs.  Moore  and  Sanford  of  the  D.  O.  Mills  Expedition, 
and  they  have  secured  measurable  spectrograms  of  eight  neb- 
ulae not  hitherto  observed  for  this  purpose.  Similar  observa- 
tions were  begun  at  Mount  Hamilton  in  the  early  summer  of 
1913  by  Mr.  Merrill,  Fellow  in  the  Lick  Observatory,  and 
continued  until  September,  when  he  assumed  new  duties  as  a 
member  of  the  staff  of  the  Detroit  Observatory.  Since  Sep- 
tember the  observations  have  been  continued  chiefly  by  Messrs. 
Paddock  and  Havnes.  Confirmatory  spectrograms  have  been 
secured  for  nine  of  the  thirteen  planetary  nebulae  observed  in 
1890-91  by  Keeler,  and  for  fifteen  additional  northern  nebulae. 

Some  interesting  results  of  the  recent  northern  observations 
are  described  in  the  following  note.  W.  W.  Campbell. 

November,   19 13. 

A  Nebula  with  Large  Radial  Velocity. 

The  velocities  of  approach  or  recession  recently  determined 
here  for  fifteen  nebulae  are  in  accord  with  Keeler's  results  for 
thirteen  other  (planetary)  nebulae,  viz.:  the  average  velocity  is 
high. 

The  tenth-magniture  planetary  nebula.  No.  4846  in  the  Sec- 
ond Index  of  Dreyer*s  New  General  Catalogue  (R.  A.  =  19** 
ii°».o,  Dec.  =  — 19°  14'),  has  an  abnormally  high  veloc- 
ity.   The  mean  of  the  observed  velocities  obtained  from  three 
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plK)COi|^raphs  is  approximately  150**"  per  second,  recession,  with 
reference  to  the  Sun ;  or,  correcting  for  the  effect  of  the  solar 
iiiiXiini,  165^"  per  second  with  reference  to  the  stellar  system. 
The  results  for  the  other  fourteen  nebulae  vary  from  about 
^■»^*  a}>f>n)ach  per  second  to  about  60*'"  recession,  with  refer- 
ence to  the  stellar  system.  W.  W.  Campbell, 

E.  S.  Haynes. 

A  SorxHERX  Xebula  with  Large  Radial  Velocity. 

Two  sj)ectrograms  of  the  planetary  nebula  X.  G.  C.  5873 
f,=  I5*(>".3 ;  B  =  — 37*^  43')  were  obtained  with  the  one-prism 
s|<tin>^raph  at  the  D.  ().  Mills  Observatory,  Santiago,  Chile, 
Tn  March,  1913.  The  mean  of  the  measures  of  these  two  plates 
by  Miss  Hobe»  Mrs.  M(X)Re,  and  Mr.  Moore  give  for  the  radial 
rcl»city  oi  the  nebula  with  reference  to  the  Sun  —  136^°*  per 
*o:  »nd.  ItN  velocity  in  the  line  of  sight  referred  to  the  stellar 
$>Mem  is  therefore  — ^33^^  per  second.  The  velocity  deter- 
r:raii*>ns  depends  upon  measures  of  the  nebular  lines  AA4340, 
^'.Sr*,  48^u,  4<W'  and  5007.  J.  H.  Moore. 

A  Star  with   a  Remarkable  Radial  \*eu)city. 

In  the  c<»urse  of  our  observations  of  the  radial  velocities  of 
the  fainter  stars  with  measured  parallaxes,  we  have  found  the 
5Ur  I^lande  1966  (a  1900  =  i**  3".3)  to  have  an  extraordinarily 
hi'^h  veI<K:ity.  Three  spectrograms  of  the  star  give  the  follow- 
inj;  values : — 

1913  Sept.  17      —  3i6>«» 
Oct.    10  325 

Oct.    17  323 


—  325 


The  sj^cctral  t>T>e  of  the  star  is  F3.  The  parallax  of  the 
sur  as  found  by  the  Yale  observers  is  +  o".o8.  If  we  assume 
thi<»  value  and  the  proper  motion  given  by  Kapteyn,  we  find 
the  motion  in  space  to  be  320^"  per  second,  directed  toward 
the  ajKX  •  =  I88^  J  =  —  59^. 

W.  S.  Adams, 

A.  KohlschCtter. 
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Some  Recent  Observations  of  Nova  Geminorum  2. 

Occasional  photographs  of  the  spectrum  of  Noz^a  Geminorum 
taken  during  the  year  have  shown  some  interesting  changes 
in  the  relative  intensities  of  certain  of  the  bright  bands.  The 
most  important  of  these  is  the  Rydberg  hydrogen  line  at 
A  4687.  As  early  as  May,  1912,  this  line  was  fairly  bright  and 
well  defined.  During  that  summer,  however,  it  must  have  de- 
creased greatly  in  brightness,  as  photographs  taken  in  August 
and  September  showed  mere  traces  of  it.  In  November,  how- 
ever, it  became  bright  again  and  ever  since  that  time  it  has 
remained  a  prominent  feature  of  the  spectrum,  gradually  gain- 
ing in  intensity.  The  two  nebular  bands  at  about  A  4612  and 
A  4641  have  also  fluctuated  widely.  In  April,  1913,  the  A  4641 
band  was  very  strong  and  the  A  4612  band  very  weak,  while  in 
October  the  A  4612  band  was  considerably  the  stronger  of  the 
two.  The  regular  hydrogen  bands  have  shown  a  steady  de- 
crease in  intensity  during  the  observations  and  the  principal 
nebular  bands  have  shown  an  increase. 

The  most  recent  photograph,  taken  on  October  12th,  shows 
the  nebular  bands  at  A  5007  and  A  4364  as  the  strongest  features 
of  the  spectrum  and  A  4959,  A  4687,  and  A  4612  of  about  equal 
intensity,  the  first  being  slightly  the  strongest.  The  hydrogen 
lines  HB,  Hy  and  Hfi  are  all  comparatively  faint.  A  band  near 
A  4520  is  nearly  as  bright  as  Hy.  These  bands,  with  the  nebu- 
lar band  at  about  A  4641,  which  is  somewhat  fainter  than 
A  4687,  are  all  of  the  conspicuous  features  of  the  spectnim.  A 
very  faint  continuous  spectrum  is  visible. 

All  of  the  bright  bands  are  from  20  to  30  Angstrom  units 
wide  and  show  absorption  lines  passing  through  their  centers. 
This  has  been  a  characteristic  feature  of  the  Nova  spectrum 
since  early  in  its  history.  W.  S.  Adams» 

a.  kohlsch utter. 

New  Equipment  for  the  Chabot  Observatory. 
On  account  of  the  constant  increase  of  electric  lights,  and 
the  encroachment  of  high  buildings,  it  has  become  necessary  to 
move  the  Chabot  Observatory.  The  matter  was  urged  before 
the  Oakland  Board  of  Education,  and  it  unanimously  agreed 
to  move  the  observatory  out  of  the  business  section  to  a  favor- 
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aWc  Iixality,  not  yet  decided  upon ;  and,  also,  upon  my  advice, 
auth»>rized  the  purchase  of  a  20-inch  refractor  for  the  new 
■  ib^<Tvatory. 

The  funtls  left  by  Mr.  Oiabot  over  twenty-five  years  ago,  "to 
marjje  and  add  to  the  equipment  of  the  observatory,"  is  avail- 
ahie  for  removal  and  new  building,  while  the  new  telescope  will 
\k  purchasecl  by  the  School  Department. 

Charles  Burckhalter. 

()^Ki  \XD.  Cal,  Ncncmbcr,  1913. 

r.\tes  of  the  standard  clocks  at  the  lick 
Observatory. 

There  are  four  clocks  in  use,  keeping  sidereal  time.  The 
Ricflcr  cUxrk  case  was  closed  in  April,  following  the  rating  of 
the  cl«»ck  in  the  new  case.  Its  mean  rate  for  about  five  months 
ha^  been  — 0^.25  at  temperature  55°  Fahrenheit  and  pressure 
o'i4f»m.  There  are  no  means  of  keeping  the  temperature  con- 
'^tani  within  the  clock  case,  but  the  location  of  the  clock  in  the 
Ittscment  of  the  meridian-circle  house,  and  the  protection  of 
il  ublc  doors  to  the  clock  room,  result  in  slow  periodic  fluctua- 
ti»-n  (»nly.  The  computed  change  of  rate  for  the  past  five 
T.inths  is  — 0^.01  per  degree  Fahrenheit  and  the  application  of 
thi>  change  reduces  the  average  residual,  for  periods  of  about 
•  •nc  week,  from  ±:  0^.08  to  ±:  0^.06.  While  the  case  has  been 
jraciically  air-tight,  the  changes  of  temperature  produce 
c-TTc^^fxmding  fluctuations  in  the  pressure  amounting  to 
^  00014m.  per  degree  Fahrenheit.  The  range  of  tempera- 
ture in  five  months  has  been  twenty  degrees,  while  the  average 
weekly  change  is  about  three  degrees. 

The  Dent  clock  has  also  been  rated,  from  the  corrections  by 
•iirrct  <>l)5ervations  of  the  stars,  simultaneously  with  those  for 
the  Riefler  rate.  Its  rate  was  changed  the  first  of  August,  by 
the  ad<lition  of  a  small  weight  placed  on  the  pendulum  shelf. 
The  pre^^ent  rate  is  +  0^.91  at  temperature  70*^  Fahrenheit, 
ami  the  change  of  rate,  for  the  last  five  months,  is  +  o*.03  per 
*!fgTee.  corresponding  well  to  that  determined  from  the  rating 
ff  many  previous  years.  The  application  of  this  change  re- 
fltice%  the  average  residual  for  the  past  five  months,  in  weekly 
frnc-is.  from   ±:  0^.11  to  ±  o".o6.     The  temperature  for  this 
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clock,  in  the  inner  room  of  the  clock  room,  averages  8°  above 
that  of  the  Riefler,  with  about  the  same  average  weekly  changes, 
but  with  smaller  daily  fluctuations. 

For  comparing  the  performance  of  these  clocks,  the  rates  of 
the  two  Hohwu  clocks.  No.  3  and  No.  8,  for  the  past  two 
months  are  given  below,  with  their  residuals,  and  those  of 
the  Riefler  and  Dent,  for  the  same  period : — 

Temperature 
Rate.  V  Correction. 

Riefler — o».34  ±o».04  ±(^.03 

Dent +0.91  ^o.ii  ±0.07 

Hohwu,.  No.   3 +0.13  ±0.08  

Hohwu,   No.   8 +  o  .57  ±0.09  

The  rates  of  the  two  Hohwu  clocks  do  not  show  any  de- 
pendence upon  the  temperature. 

The  two  mean  time  clocks,  Frodsham  and  Howard,  are  rated 
to  Pacific  Standard  time,  and  the  rates  are  changed  as  often 
as  necessary,  by  the  use  of  small  weights,  to  keep  the  errors 
within  a  small  fraction  of  a  second.  R.  H.  Tucker. 

September  24,  1913. 

Note  on   Comet   ^1913    (Zinner-Giacobixi). 

A  telegram  received  on  October  24th  announced  the  dis- 
covery of  a  comet  by  Zinner  and  gave  an  observation  of  it  on 
October  23d  by  Hart  wig  at  Bamberg.  On  the  basis  of  this 
observation  and  two  on  Octpber  24th  and  25th  by  Dr.  Aitken 
of  the  Lick  Observatory,  parabolic  elements  and  an  ephemeris 
were  computed. 

On  October  27th  a  telegram  was  received  giving  the  ele- 
ments computed  at  Kiel  and  also  stating  the  suspected  identity 
of  this  comet  with  Comet  1900  HI.  A  conditioned  solution  of 
the  orbit  on  the  basis  of  the  same  three  observations  was  im- 
mediately undertaken,  the  assumed  period  being  that  derived 
by  Kreutz  for  Comet  1900  HI.  The  results  of  this  conditioned 
solution  established  the  identity  of  the  two  comets.  Both  the 
parabolic  and  elliptic  elements  and  the  ephemerides  have  been 
published  in  Lick  Observatory  Bulletin,  No.  245. 

The  period  of  the  comet  is  6.464  years,  this  being  the  second 
return  since  its  discovery  in  1900  by  Giacobini.     It  was  not 
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vc\\<^^\xTtd  at  the  time  of  its  first  return.  When  discovered 
tr.>  \car  it  was  in  the  constellation  Scutum,  Its  motion  south- 
•  ar-l  and  eastward  has  since  taken  it  into  Sagittarius  and 
V  .:t>ru\frnus.  Its  nearest  approach  to  the  Sun  was  on  Novem- 
Vr  2n<!.  when  it  was  at  a  distance  of  about  91,000,000  miles. 

Anna  R.  Kidder, 

h  kKM.EY    ASTBOKOMICAL    DEPARTMENT. 

XoTE  ON  Comet  c  1913  (Xeujmin). 

VccTdinjj  to  the  orbit  published  in  Lick  Obscn*atory  Bui- 
.'..*•'..  N<».  245,  this  comet  is  moving  in  an  ellipse  with  a  period 
■f  1783  years.  The  orbit  is  inclined  15°  to  the  plane  of  the 
c  !j'tjc.  It  is  a  ver>'  interesting  fact  that  the  comet's  path  lies 
t-r  a  ^hort  distance  very  near  to  the  orbit  of  the  planet  Mars, 
:  •r  a  distance  of  about  40,000,000  miles  the  two  orbits  are 
i/r-^t  j>arallel.  the  comet's  path  being  but  570,000  miles 
hr.?Kr  friim  the  Sun  than  that  of  Mars,  At  the  present  peri- 
'•■/  n  fiassage,  which  occurred  on  August  i6th  of  this  year. 
''-'•-x  Has  considerably  ahead  of  the  comet,  so  that  they  did  not 
cct  cl'^ser  than  100,000,000  miles.  The  comet  is  now  in  the 
N  ure  of  Pegasus,  but  it  is  too  faint  to  be  seen  except  with 
t;.t  larijcst  telescopes.  On  November  4th,  Professor  Uarnard 
•:'  Yerkc**  Observatory  described  the  comet  as  seen  in  the 
4 ^ncJi  refractor  as  showing  no  trace  of  nebulosity  and  look- 
:%'  exactly  like  a  star  of  1^/2  magnitude.  For  a  detailed  ac- 
c  ■•wHt  <  f  the  discovery  of  the  comet  and  its  appearance,  see  the 
'^  !c  by  I>r.  AiTKEN  on  September  23,  191 3,  printed  in  these 
.' "    ;<  j/iofij  for  October,  1913.  Seth  B.  Nicholson. 

n*lKHfY    ,\5T10K0MirAL   DePAHTMENT. 

NuTE  on  Comet  rf  1913  (Delavan-Westphal). 

The  fourth  comet  of  the  year  was  discovered  by  Del^wan  at 
the  I^  Plata  Observatory,  Argentina,  on  September  26th.  At 
*Hit  time  it  was  in  the  constellation  of  Aquarius  and  was  mov- 
:rc  westward  and  northward. 

In  Astranomische  Xachrichtcn  4619,  Mr.  Aix>lf  IInatek 
C\f^  search  ephemerides  for  the  current  year  corresponding 
:••  'lifferent  assumptions  for  the  period  of  Westphal's  peri- 
'-i»c  c<<net.      Interpolation    from   these,   on   the  basis  of  the 
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observations  of  September  26th  and  27th  of  Delavan's  comet 
by  HussEY  and  Aitken  respectively,  yielded  the  period  61. 121 
years,  thus  confirming  the  identity  of  the  new  comet  with 
Westphal's  comet  of  1852. 

Observations  of  September  27th  and  30th  and  October  4th, 
by  Dr.  Aitken  of  the  Lick  Observatory,  formed  the  basis  of 
a  differential  correction  of  Hnatek's  elements,  conditioned  by 
the  assumption  of  a  period  of  61. 121  years.  In  this  connection 
it  should  be  stated  that  Professor  Leuschner's  fonnulae  are 
so  arranged  that  it  is  a  simple  matter  to  compute  an  orbit  on 
the  basis  of  any  adopted  period.  The  elements  of  the  orbit 
and  an  ephemeris  are  given  in  Lick  Obsenutory  Bulletin, 
No.  244. 

The  comet  is  moving  in  a  plane  inclined  44°  to  the  plane  of 
the  ecliptic.  Its  nearest  approach  to  the  Sun  will  be  on  No- 
vember 26th,  at  a  distance  of  117,000,000  miles.  It  has  been 
receding  from  the  Earth  since  discovery.  Maximum  bright- 
ness was  reached  early  in  October,  so  that  the  comet  will  not 
become  visible  to  the  naked  eye,  as  in  1852. 

The  following  comment  by  Professor  Barnard  of  the  Yerkes 
Observatory,  just  received  in  a  letter  from  him  to  Professor 
Leuschner,  may  be  of  interest:  "Westphal's  comet  is  sim- 
ply gone  to  pieces.  It  is  a  vague,  somewhat  elongated  mass  of 
feeble  light  2'  =b  in  diameter.  A  setting  for  position  could  not 
be  made  closer  than  i'.  It  is  most  extraordinary.  There  is  no 
condensation  and  no  form  to  it.    It  is  faint." 

Sophia  H.  Lew. 

Berkeley  Astronomical  Department, 
November  10,  1913. 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


.'    »-j-<   with  a  recrnt  •rranfement  the  members  of  the  »cicntific  staff  of 

t  '  »'««TYatcirv  hold  roeettnfi  once  per  week,  at  an  observatory  duty,  to  report 

i«iUM  ibr  mt>re  important  articles  appearing  in  the  journals  of  astronomy, 

-  'tj'  t  new  books  on  astronomical  subjects,  or  subjecU  of  current  and  special 

.-    t*-r     tti%er\atory's   work.       It   has  been   suggested   that   abstracts   of   the 

•  -:   :  V  t»f  intcTMt  to  the  readers  of  these  Publications,  and  the  Publication 

rr*   .-■•.  Actrtl  favorably  upon  the  suggestion. 

•"•<•'  ^f-'l   to  prr«erve  the  qualities  of  abstracts  as  far  as  possible,  and  to 

-    .«U^1  critici«ms.  favorable  or  unfavorable,  to  a  minimum. 


RuuAL  Vklocities  and  the  Objective  Prism. 

Sic!!ar  >i>cctn>scopy  has  two  main  problems,  the  interpreta- 
t>'ii  of  the  qualitative  and  the  quantitative  results  obtainable 
fr.*?n  %;»ectn^jjraphic  photographs.  From  the  former  flow,  or 
Tra>  U-  <ierive<l  in  the  future,  classification  of  stellar  spectra, 
ir.l  (lata  <>n  physical  conditions  and  transformations  of  the 
<irs.  Fnwn  the  latter  proceed  radial  velocities,  the  Sun's 
icJ-icity  thrtnijjh  space,  the  relative  amounts  of  velocity  pertain- 
i^'  t"  the  <liflferent  spectral  classes  of  stars,  confirmation  of 
^ur-strcaminjj  and  associated  data,  and  orbits  of  spectroscopic 
V'.'ur'c^  The  qualitative  results  are  more  easily  obtainable 
than  the  (quantitative,  since  much  can  be  derived  from  objective 
pri'^m  photographs.  Quantitative  results  depend  upon  compari- 
^■n  ^i^-ctra,  which  have  thus  far  been  satisfactorily  obtained 
•  n!\  vkiih  slit  >pectroscopes.  The  slit  spectroscope  is  excessive- 
ly inefikient  and  requires  very  much  longer  exposures  than  the 
"l-icctivc  pri^m  apparatus.  Three-prism  spectroscopes  are  im- 
xaaicablc  beyond  the  fifth  magnitude  and  two  prisms  beyond 
the  seventh,  while  one  pri.sm  does  not  give  accurate  velocities. 
The  <)uantitative  problem  therefore  needs  the  development  of 
new  mrthixlN  for  stars  beyond  the  fifth  magnitude. 

A  <li-<ru*ision  of  this  problem  by  Dr.  Schlesinger  has  re- 
cmtly  appeare<l  in  the  Proceedings  of  the  American  Philo- 
s-^phiciil  Society^  S,  1013,  and  the  following  points  are  taken 
fn*n  the  article. 

Extensi*in  of  radial  velocity  work  to  stars  of  sixth,  seventh, 
eighth,  and  ninth  magnitudes  is  much  desired.  Larger  tele- 
KTipes  with  slit  spectrographs  will  gain  very  little,  since  12-inch 
tde*o»pe<i  have  been  able  to  do  certain  work  almost  as  efficiently 
as  the  large>t   telescopes.     The  photographic  plate  in  a  slit 
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spectrograph  receives  only  one  or  two  per  cent  of  the  light 
that  falls  upon  the  objective  of  the  telescope,  while  with  the 
objective  prism,  the  plate  may  receive  as  much  as  25  per  cent. 
Furthermore  the  slit  spectrograph  secures  only  one  spectrum 
at  a  time,  while  the  objective  prism  may  secure  several  on  the 
same  plate.  But  the  lack  of  means  of  placing  satisfactory 
comparison  spectra  upon  objective-prism  plates  prevents  the 
determination  of  velocities  from  such  plates.  Several  methods 
of  securing  objective-prism  spectra  in  such  a  way  as  to  de- 
termine velocity  have  been  suggested,  but  none  developed. 
They  are  briefly  explained  as  follows : — 

A  quarter  century  ago  Pickering  suggested,  in  connection 
with  experimental  work  for  the  Draper  Memorial,  that  radial 
velocities  might  be  determined  if  some  absorptive  medium 
which  would  produce  one  or  more  narrow  and  sharp  lines  could 
be  placed  in  the  objective-prism  telescope.  He  did  not  find  a 
satisfactory  absorbing  medium,  but  R.  W.  Wood  has  since 
proposed  neodymium  chloride,  which  gives  a  fairly  sharp  and 
narrow  line  at  wave-length  4272.  Experiments  are  being  made 
with  it,  but  its  accuracy  is  not  more  than  that  represented  by  a 
probable  error  of  ten  kilometers.  The  method  is  applicable 
only  to  stars  of  early  type,  since  with  solar  and  later  types  the 
neodymium  lines  would  be  involved  with  the  stellar  lines. 

Pickering  has  also  suggested  the  method  of  reversing  the 
objective  prism,  which  is  set  with  its  edge  parallel  to  the 
equator.  Two  adjacent  stars  would  be  selected  for  the  deter- 
mination of  their  relative  velocity,  and  would  be  photographed 
in  both  positions  of  the  prism.  The  result  would  be  two  pairs 
of  spectra,  one  with  violet  ends  north  and  one  with  violet  ends 
south.  A  difference  of  radial  velocity  in  these  stars  would 
produce  a  difference  of  distance  between  identical  lines  in  the 
two  spectra  such  that  half  the  difference  of  the  measured  dis- 
tances would  be  a  measure  of  the  relative  radial  velocity.  In 
other  words,  the  K  line  of  a  star  approaching  the  Sun  would 
be  shifted  toward  the  violet, — ^that  is,  first  toward  the  north, 
then  toward  the  south  an  amount  more  or  less  than  the  K  line 
in  the  other  spectrum  according  as  the  velocity  is  more  or  less 
than  that  of  the  other  star.  The  reversing  of  the  prism  could 
be  effected  by  reversing  the  telescope  about  the  polar  axis 
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arl  .  x\c  of  the  plates  could  be  exposed  with  film  behind  the 
c*A^N  M>  that  in  measurement  the  two  plates  could  be  placed 
Ji!m  to  film  for  differential  measurement.  Stewart  has  sug- 
^c^tcd  the  use  of  two  objectives  with  oppositely  placed  prisms 
i!;ustcd  to  place  the  direct  and  the  reversed  spectra  side  by 
^:«ie  on  the  same  plate.  Comstock  suggested  that  the  two 
pnsms  be  placed  over  a  single  objective,  with  their  refracting 
f^i^^r^  meeting  on  a  diameter  of  the  objective.  Schlesinger 
ha*  •^uj^^ge-ited  two  independent  objective  prism  cameras  under 
c  -nstant  temperature  control.  There  are  serious  difficulties  to 
\k  iJtalt  with ;  for  instance,  in  case  of  independent  exposures, 
•I'^crrntial  refraction,  and  dissimilar  guiding;  also  the  dis- 
!>»ni<-n  t»f  the  field  due  to  the  prism  or  the  prismatic  astigma- 
tism which  curves  the  spectra  in  one  direction  and  unequally 
lengthen*;  or  shortens  them  in  the  other.  These  distortions  are 
Ica^-t  in  Com  stock's  design  and  practically  absent  in  Stew- 
\tT'<  cJesign  with  the  spectra  at  the  centers  of  prisms,  objec- 
tne^.  and  plate.  Patience,  perseverance,  and  skill  would  prob- 
ahly  <ivercome  the  difficulties. 

A  further  method  is  made  possible  by  the  following  circum- 
*unce:  In  prismatic  spectra  velocity  displacements  are  greater 
•n  the  vii»let  than  in  the  red  region.  The  spectra  are  therefore 
*h..rtcned  for  receding  stars  and  lengthened  for  approaching 
*ta^^.  The  possibility  of  determining  velocities  from  the  change 
K>i  length  of  spectrum  caused  by  velocity  occurred  also  to  Pick- 
ctiNG,  who  remarks,  on  page  xxi  of  volume  26,  of  the  Annals 
x'^  Hantfrd  College  Obsenxftory:  "The  change  in  length  of 
the  spectrum  due  to  the  motion  of  the  star  would  only  amount 
ti>  about  one  sixth**  of  the  displacement  of  the  lines  due  to 
TTMAinn,  **and  could  not  readily  be  distinguished  from  a  varia- 
ti^m  in  temperature  of  the  prism."  This  suggestion,  however, 
may  now  lead  to  valuable  results  because  of  the  recent  develop- 
tnent!>  in  the  use  of  photographic  plates.  Since  the  staining  of 
pbic%  with  certain  dyes  has  been  found  to  render  them  sen- 
Mtive  to  yellow  and  red  wave-lengths,  a  greater  length  of  spec- 
tram  and  therefore  a  greater  amount  of  change  of  length  of 
spectrum  are  avaibUe.  Formerly  only  the  violet  from  A  3800 
fa>  A  4R00  could  be  photographed ;  but  now  the  spectrum  from 
AjjRoo  to  A  6500  can  be  obtained.     The  ordinary  objective, 
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however,  does  not  bring  to  focus  all  of  this  region.  An  ob- 
jective or  correcting  lens  could  be  made  to  bring  to  the  same 
focus  the  region  round  about  A  4000  and  that  round  about 
A  6000.  A  great  difficulty  in  objective-prism  work  is  the 
displacements  caused  by  change  of  temperature,  but  a  constant 
temperature  case  like  that  used  with  slit  spectrographs  could 
be  applied  to  the  entire  objective-prism  instrument.  The  prism 
would  have  to  be  calibrated  by  stars  whose  velocities  have  been 
determined  with  slit  spectrographs.  The  spectrum  of  a  star  of 
known  velocity  could  be  placed  beside  the  spectrum  of  the  star 
of  unknown  velocity.  The  difference  of  length  of  the  two 
spectra  could  then  be  measured  and  the  corresponding  amount 
of  velocity  added  to  the  known  velocity. 

It  might  eventually  be  desired  to  increase  the  light-gathering 
power  of  the  apparatus  without  increasing  the  size  of  the 
objective  prism.  This  might  be  accomplished  by  replacing  the 
secondary  of  a  Cassegrain  reflector  by  a  convex  paraboloid 
or  by  placing  a  diverging  lens  near  the  focus  of  a  refractor, 
in  each  case  to  obtain  a  condensed  beam  of  parallel  light  of  the 
size  of  the  objective-prism  camera. 

The  prospect  of  obtaining  radial  velocities  by  means  of  the 
objective  prism  seems  good  enough  to  warrant  a  trial  of  all 
three  of  the  methods  above  mentioned.  The  use  of  the  absorb- 
ing medium  would  probably  lead  to  immediate  results,  but  with 
only  a  moderate  degree  of  precision.  The  method  depending 
upon  the  length  of  spectrum  might  be  developed  to  g^ve  ac- 
curate results.  G.  F.  Paddock. 

November,  191 3. 

Discussion  of  the  Revised  Harvard   Photometry. 

Number  IV  of  Volume  LXIV  of  the  Annals  of  th^r  Hanvrd 
College  Obscnvtory  is  devoted  to  a  thorough  discussion  of  the 
errors  contained  in  the  numerous  photometric  catalogs  upon 
which  the  Revised  Harvard  Photometry  (H.  A.,  60)  is  based. 

The  method  adopted  was  that  of  grouping  the  stars  in  the 
R.  H.  P.  according  to  their  position  in  the  sky,  their  magnitude 
and  their  spectrum.  The  sky  was  divided  in  forty-eight  sec- 
tions exactly  equal  in  area,  for  position ;  the  stars  were  to  be 
divided  into  six  groups  according  to  magnitude,  and  also  into 
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-IX  jjmups  according  to  their  spectra.  The  9,110  stars  were 
thu>  divided  into  a  possible  1,728  groups.  **Some  of  these 
cn^p^  do  not  contain  any  stars.  The  number  of  stars  in  each 
cr.up  and  the  algebraic  mean  of  the  sixteen  residuals  given  in 
the  Revised  Harvard  Photometry  were  next  taken." 

The  major  portion  of  the  present  publication  is  composed  of 
oTKjen^ed  tables  exhibiting  these  residuals  and  the  conclusions 
that  are  to  be  drawn  from  them  as  to  the  accuracy  of  the  vari- 
<<!■*  fihotometric  catalogs.    The  conclusion  is: — 

'The  observations  contained  in  the  various  meridian  photometer 
;«!«:■  «^je5,  although  extending  over  a  period  of  twenty-seven  years, 
ir.!  made  with  different  instruments,  by  different  observers,  and  in  dif- 
tr'mt  places  agree  closely  as  regards  scale,  the  differences  amounting 
:•'  ml)  a  few  hundredths  of  a  magnitude.  .  .  .  The  agreement  as  re- 
card''  color  is  also  good,  for  nearly  all  the  catalogues." 

Hut  the  data  in  these  tables  can  also  be  used  to  study  the 
«i:>tribution  of  the  stars  of  different  classes  of  spectra,  and  it 
»  this  *tudy  that  yields  the  most  interesting  and  important  con- 
c!u^i«<i  contained  in  the  paper.  It  may  best  be  stated  in  Pro- 
:cw>r  Pickeking's  own  words: — 

The  theoretical  vahie  of  the  coefficient,  a,  which  connects  the  loga- 
rthsi  of  the  number  of  stars  with  the  magnitude,  is  0.60.  The  ob- 
tcr>rd  %'akie  of  this  constant  from  all  the  bright  stars  is  0.51,  from 
«HKh  the  existence  of  an  absorbing  medium  in  space  has  been  inferred. 
Grtuptng  the  sUrs  according  to  their  spectra,  we  find  that  for  stars  of 
CU»»es  \  to  F,  from  the  fourth  to  the  sixth  magnitude,  the  coefficient 
H  %ery  nearly  a6o.  Great  doubt  is  thus  thrown  on  the  existence  of  an 
U-v:»rbtng  roediam.  The  coefficient  far  stars  of  Gasses  G.  K,  and  M 
n  a.hiiat  0.51,  white  for  stars  of  Class  B  it  is  much  smaller,  0.42,  indi- 
cating that  there  are  few  faint  stars  of  this  class.  Except  in  the  case  of 
Oa*4  B,  there  is  no  distinct  evidence  that  there  are  more  stars  on  one 
*i4r  of  the  Sun  than  on  the  other."  p    q     Aitkfn 

October.  1913. 

I):f-  Veaandeklichen  Sterne:    Erster  Band;  Geschicht- 

Ul  fl-TEL  HMSCHER  TeIL.    VoN  JoHANN  GeORG  HaGEN.  S.  J. 

Ei5rE  LiEFERrNG:  Die  Ausrustung  des  Beobachters.' 

Father  Ha<;en  has  evidently  undertaken  the  preparation  of  a 
ler)-  ownplcte  work  on  the  variable  stars,  for  the  present  book — 
Ti  XV  -t-  152  quarto  pages,  dealing  with  the  Observer's  Equip- 

'FiifciH  \m  BrrkcBo.  191  J.     4to.     >▼  +  is>  PP. 
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ment — forms  only  Part  I,  Volume  I.  The  remaining  parts  of 
this  volume  will  be  three,  dealing,  respectively,  with  the  Meth- 
ods of  Observing,  the  Reduction  of  the  Observations,  and  the 
Elements  of  Light  Variation.  This  will  complete  the  discussion 
of  the  historical  and  technical  phases  of  the  subject.  The  sec- 
ond volume  will  then  take  up  the  discussion  of  the  theories,  both 
mathematical  and  physical,  to  account  for  the  observed  phenom- 
ena, which  at  present  are  attracting  ever  increasing  attention. 

After  a  brief  preface,  in  which  the  author  acknowledges  his 
indebtedness  to  Professor  Muller  of  Potsdam,  who  read  the 
proof  sheets,  a  careful  bibliography,  covering  seven  pages,  is 
given.  In  this,  only  separately  printed  books,  publications  of 
observations  and  transactions  of  academies  are  included.  Ref- 
erence is  made  to  articles  in  scientific  journals,  only  **when  on 
account  of  their  age  or  contents  they  have  special  value," — as, 
for  example,  the  catalogs  of  variable  stars,  and  the  meager 
notes  on  star  colors. 

The  text  proper  consists  of  an  introduction,  treating  (a)  of 
the  beginning  and  the  significance  of  the  theory  of  the  variable 
stars  and  (b)  of  the  various  methods  of  observing,  and  of  five 
chapters,  discussing,  in  order,  the  history  and  literature  of  this 
new  branch  of  science,  the  classification  and  distribution  of  the 
variables,  the  catalogs,  nomenclature  and  alphabetic  designa- 
tions, the  instruments,  star  charts  and  ephemerides,  and,  finally, 
the  observing  program. 

The  method  of  treatment  is  the  historical  one,  copious  refer- 
ences being  made  to  the  original  papers.  As  all  of  the  refer- 
ences have  been  carefully  verified,  the  volume  may  be  regarded, 
as  the  author  says,  as  a  source  book.  While  the  first  chapter 
gives  to  Argelander  the  credit  of  being  the  founder  of  this 
branch  of  astronomy,  and  makes  special  mention  of  his  imme- 
diate colleagues  and  pupils,  it  also  gives  a  fair  account  of  the 
independent  development  of  the  subject  outside  of  Germany, 
and  particularly  in  England  under  Pog  son  and  Knott  and 
Baxendall,  and  brings  the  history  down  to  date  with  an  ac- 
count of  the  increased  activity  of  variable-star  observers  during 
the  past  ten  years. 

In  the  second  part  of  this  chapter  emphasis  is  placed  upon 
the  necessity  of  publishing  the  original  data  of  the  observa- 
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::  1^  and  not  merely  the  results.  Then  follow  full  descrip- 
i:  n^  of  the  various  methods  that  have  been  adopted  in  reduc- 
•r^C  and  publishing  observations,  reference  being  made  to 
r!;r-'rn«us  publications  as  examples. 

The  claNNification  of  variable  stars  is  very  fully  treated  in  the 
vrc  iid  chapter.  Xew  stars,  missing  stars,  stars  that  have  been 
^::-I^ctt*<l  of  momentary  variations  as  well  as  those  supposed 
t  \ar>  in  periods  of  many  years,  are  first  discussed.  Next 
:  "  v\^  a  section  on  the  non-periodic  variables,  with  a  discus- 
'':-f:  't  what  constitutes  "regularity*'  or  "irregularity**  in  a  vari- 
iMr  '^tar.  then  a  section  on  the  periodic  variables. 

\  full  account  is  given  of  all  the  proposed  classifications  of 
\ir»t»!c  stars  from  Pi(k>tt*s,  in  1786,  to  those  adopted  at  Har- 
\^r.\  and  in  the  Vicrtcl-jahrS'Schraft  der  Astronomischen  Ges- 
r "-ohafi.  with  reference,  also,  to  recent  proposed  classifications 
«n  a  ;.h\sical  basis,  rather  than  on  the  apparent  character  of 
\\<  Iij^ht  curve.  The  chapter  closes  with  a  section  devoted  to 
irc  various  published  estimates  of  the  number  of  variable  stars. 
ar  I  the  investigations  of  their  distribution,  as  a  whole,  and  of 
:hf  \ariou«i  classes,  with  respect  to  the  Milky  Way. 

7hi-  M>mcwhat  detailed  account  of  the  contents  of  the  first 
ti».t  chapters  will  sufficiently  illustrate  how  thoroughly  the 
ai:»h -r  has  treated  every  phase  of  his  subject. 

The  b«H)k  will  be  found  helpful  to  students  and  observers, 
\*  *b.  \i\  rcas^)n  of  its  full  references  to  original  memoirs  and 
!•>  rca^-m  of  the  author's  many  valuable  suggestions. 

The  j^eneral  rules  laid  down  in  the  last  chapter  for  the  forma- 
t- n  of  an  observing  program  will  be  found  especially  helpful. 
*  •  f«inn  a  program  that  is  adapted  to  the  observer's  equipment. 
n.I  iliat,  when  carried  out,  will  contribute  definitely  to  the 
;ir*;;rtss  tif  astronomy,  is,  as  the  author  says,  of  the  greatest 
•^:- nance.  His  warning  as  to  the  difficulty  experienced  in 
ranging  a  well-conceived  program  to  a  definite  conclusion  is 
i!m.  worth  heeding.  The  present  writer,  however,  regrets  that 
the  author  considered  it  necessary  to  quote  examples  of  failures 
•1  this  respect.  R.  G.  Aitkkn. 
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Radial  Motions  in  Sun-Spots^ 

That  the  Fraunhofer  lines  in  the  outer  edges  of  the  penum- 
brae  of  sun-spots  are  systematically  displaced  was  announced 
by  Mr.  Evershed  in  1909,  and  the  hypothesis  was  advanced 
that  these  displacements  are  due  to  the  radial  motion  outward 
and  tangential  to  the  solar  surfaces  of  the  gases  of  the  revers- 
ing layer. 

The  present  paper  gives  the  results  of  an  investigation  made 
with  the  spectrograph  of  the  60-foot  tower  equipment  on 
Mount  Wilson  by  Mr.  St.  John,  with  a  view  to  throwing  ad- 
ditional light  upon  this  interesting  phenomenon.  For  favorable 
observations  of  the  displacements,  the  sun-spot  should  be  located 
neither  near  the  limb  nor  near  the  central  meridian,  and  the 
slit  of  the  spectrograph  should  be  placed  along  the  line  joining 
the  center  of  the  spot  and  that  of  the  solar  disc  for  observing 
•  the  maximum  displacements. 

When  the  spectra  of  the  outer  edges  of  the  penumbra,  direct- 
ed respectively  toward  the  limb  and  center  of  the  Sun's  disc 
are  photographed  side  by  side  on  the  same  plate,  the  relative  dis- 
placement of  the  lines  in  the  two  spectra  are  quite  marked  and 
are  such  as  to  give,  in  general,  a  greater  wave-length  for  the 
lines  of  the  reversing  layer  in  the  edge  of  the  penumbra  on  the 
limb  side.  The  displacements  were  studied  for  some  five  hun- 
dred lines  distributed  in  the  violet,  blue  and  yellow  regions,  and 
so  chosen  as  to  include  a  wide  range  in  intensity  of  lines. 
In  all.  the  lines  given  by  about  twenty-six  elements  were 
investigated. 

The  displacements  are  found  to  vary  systematically  with  the 
intensity  of  the  lines  in  amount  and  sign,  and  further  are  pro- 
portional to  the  wave-length  for  lines  of  the  same  intensity. 
This  last  fact  seems  to  indicate  clearly  that  the  observed  change 
in  wave-length  is  due  to  the  Doppler  effect.  If  the  displace- 
ments, reduced  to  a  common  wave-length,  are  arranged  accord- 
ing to  the  intensities  of  the  lines  of  any  one  element  (iron,  for 
example,  for  which  he  studied  some  two  hundred  lines),  a  re- 
markable series  is  found  in  which  the  displacements  decrease 
systematically  with  increase  of  intensity  of  the  lines.  On  the 
hypothesis  that  the  displacements  are  due  to  radial  velocity. 


»  The  Astrophysical  JournaS,  87,  322,  1913;  The  Observatory,  96.  395,  1913. 
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•„X\  in<licate  an  outflow  of  matter  from  spots  tangential  to 
the  Sun's  .surface  with  a  velocity  of  1.02*^"  per  second  for  lines 

•  t  tntcn^ity  CO  and  a  velocity  of  0.12*"  per  second  for  lines  of 
T-tcnsiiy  10.  For  lines  of  greater  intensity  the  displacements 
miace  u^  zero  and  for  the  strong  lines  of  intensity  20  to  40, 
1*  f.r  thi»e  of  sodium,  magnesium,  hydrogen  and  calcium, 
\:<  displacements  change  sign,  indicating  an  inflow  of  vapor 
<•(  hiijh  levels  into  the  spot,  with  velocities  ranging  from  0.6'"" 
f rr  sec*  »nd  to  I  .&>*"  per  second. 

In  «»rder  to  explain  the  observed  connection  existing  between 
radial  vel*»ciiy  and  intensity  of  the  lines,  it  is  assumed  as  a 

•  ■•rkinj^:  hy|)othesis  "that  these  systematically  varying  displace- 
incnts  <»r  velocities  are  due  to  the  differences  of  level  at  which 
th<  ^'br  lines  originate"  and  that  on  the  whole  the  weaker  lines 
"Mijinate  lower  in  the  solar  atmosphere  than  stronger  lines.  On 
th;-  assumption  the  distribution  of  velocities  in  a  vertical  section 
-fa  Hun-stx.t  shows  the  maximum  velocity  of  inflow  at  the  higher 
>\eU,  which  decreases  to  zero  as  we  descend,  changes  sign  and 
rtachrs  maximum  velocity  of  outflow  at  the  lowest  level  in  which 
the  fainttst  lines  are  assumed  to  have  their  origin.  The  author 
p<rts  nut  that  this  apparent  circulation  cannot  be  a  true  vortex, 
as  the  matter  flowing  in  at  the  higher  level  is  neither  the  same 
m  quality  nor  in  quantity  as  the  matter  flowing  out  at  the  lower 
!oii.  The  actual  vortex,  he  believes  to  be  much  lower  than 
the  phenomenon  under  observation,  and  that  the  outflow  into 
the  reversing  layer  is  the  upper  portion  of  the  low-lying  vortex. 
»h:;e  the  inflow  from  the  chromosphere  is  merely  a  secondary 
■r  ^ufKrrftcial  effect  of  this. 

While  the  line  displacements  vary  regularly  with  the  inten- 
*;:>  of  the  lines  of  any  one  element,  they  are  not  equal  for  the 
'lie*  <ii  the  same  intensity  of  different  elements.  For  example, 
•Sf  lines  4>f  titanium  show  a  smaller  positive  velocity  than  the 
'n>es  of  inm  of  the  same  intensity.  This  is  interpreted  on  the 
ihif\e  h\-]M>ihe>i«i  as  indicating  that  the  titanium  producing  a 
*ne  *.t  any  given  intensity  is  at  a  higher  level  than  that  in 
•hich  the  inm  line  of  the  same  intensity  originates.  The  series 
'^t  irrm  lines  arranged  according  to  intensities  and  their  corre- 
*;»«^«iing  displacements  forms,  according  to  the  above  inter- 
pretation, a  sounding  level  for  indicating  the  vertical  distribu- 
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tion  of  the  elements  in  the  solar  atmosphere.  The  resulting 
distribution  found  by  making  this  comparison  of  the  lines  of 
different  elements  with  those  of  the  iron  series  is  one  in  which 
the  elements  of  high  atomic  weights  occur  at  the  low  levels, 
while  the  lighter  elements  are  found  at  all  levels. 

The  author  states  that  the  interpretation  of  the  phenomena 
given  above  "is  confirmed  by  flash  spectrum  observations,  and 
is  in  harmony  with  a  wide  range  of  solar  observations  in  which 
indications  of  effects  due  to  differences  of  level  have  been 
obtained."  J.  H.  Moore. 

Photographs  of  Comet  a  1910. 

Lowell  Observatory  Bulletin,  No.  57,  contains  a  number  of 
excellent  photographs  of  Comet  a  1910,  with  a  discussion  of 
the  plates  by  Mr.  C.  O.  Lampland.  The  usual  formulae  for 
calculating  the  true  position  of  points  in  the  tail  are  collected, 
and  modifications  are  derived  for  obtaining  these  values  in 
rectangular  co-ordinates  as  well.  Of  particular  interest  are 
the  photographs  showing  the  striated  form  of  tail,  of  which 
DoNATi's  comet  has  hitherto  been  almost  the  only  example. 
The  theory  of  these  striae  is  that  a  cloud  of  matter  containing 
particles  of  slightly  different  size  is  ejected  from  the  nucleus. 
Owing  to  the  variation  in  size  of  the  particles,  the  light  action 
and  the  repulsive  effect  will  differ,  and  will  have  the  effect  of 
drawing  out  the  original  cloud  of  matter  into  a  long  line. 
PoKROwsKY  has  calculated  the  values  of  the  repulsive  force  for 
the  striae  in  this  comet  from  a  photograph  made  by  Sykora  at 
Taschkent  on  January  27,  1910,  and  has  found  that  the  re- 
pulsive action  varied  from  fi  =  —  i  tOfi=-f- 0.3. 

H.  D.  Curtis. 

Proper  Motions  of  Faint  Stars. 

This  important  paper  by  Professor  Comstock,  which  has 
just  appeared  in  No.  655  of  the  Astronomical  Journal,  is  cer- 
tain to  give  rise  to  considerable  discussion,  and  cannot  fail  to 
have  influence  on  current  theories  of  the  structure  of  our 
stellar  universe.  The  opinion  most  generally  accepted  has  been 
that  the  fainter  stars,  because  of  their  presumably  much  greater 
average  distance  from  us,  have  proper  motions  in  general  van- 
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:vhin^!\  Ninall.  It  is  true  that  the  spectrographic  results  of 
:Sr  fia^t  decade,  for  stars  extending  roughly  down  to  the  sixth 
"u^itude,  have  shown  that,  up  to  this  point  at  least,  the 
^ichter  and  the  fainter  stars  are  much  more  intimately  inter- 
Tini:l<r<l  than  had  been  hitherto  supposed.  But  for  still  fainter 
^tar*  the  opinion  has  been  pretty  generally  held  that  they  are. 
rruincly  to  the  brighter  stars,  almost  absolutely  stationary 
1$  far  as  proper  motions  are  concerned.  This  has  been  accepted 
«Tth^nit  question  and  has  formed  the  basis  for  a  number  of 
■nc*  of  stellar  research,  as,  for  example,  the  determination  of 
cellar  {larallaxes,  though  the  fact  that  nearly  twenty-five  per 
vmt  of  the  best  modem  determinations  of  parallax  give  nega- 
tne  parallaxes  is  rather  disquieting. 

The  {>a{)er  is  a  continuation  of  the  work  inaugurated  by 
r*'''»iCNS<>r  CoMSTOCK  in  Volume  XII  of  the  Publications  of  the 
A'ash^urn  Obscnxitory,  and  he  has  now  investigated  the  proper 
-•t:.'ns  of  513  stars  fainter  than  the  eighth  magnitude;  of 
!h<^  3«o  are  believed  to  show  proper  motion.  The  accuracy 
f  the  results  is  discussed  at  length,  and  from  the  proper  mo- 
f  n*  of  these  fainter  stars  a  value  is  found  for  the  apex  of  the 
Sun'v  way  and  for  vertices  of  preferential  drift.  To  quote  some 
■  f  the  ci>nclusions  reached : — 

<  hjt  of  five  hundred  stars  included  between  the  seventh  and 
rh:neenth  magnitudes,  that  have  been  observed  for  their 
\<^'\<r  motion,  approximately  seventy-five  per  cent  yield  sen- 
^'^\t  pn»f)er  motions. 

The*e  proj)er  motions  confirm  and  extend  from  the  brighter 
*'ars  at  least  to  the  twelfth  magnitude  the  relation  that,  in  the 
"can,  the  amount  of  proper  motion  is  inversely  proportional  to 
-*r'!ar  magnitude.  The  relation  is  expressed  by  /iwi  =  35", 
*Hcrc  m  is  the  magnitude  and  /i  the  proper  motion  per  centur\\ 

The  linear  veUxrity  of  stellar  motions  is  substantially  inde- 
T-T'Irni  of  stellar  magnitude. 

The  faint  stars  and  bright  stars  are  parts  of  one  and  the 
■ar»f  -tellar  system  and  are  in  great  measure  intermingled,  the 
tiiTt  stars  being  less  remote  than  has  been  inferred  from 
t^'-t'^netric  considerations.  jj    p   Ci'RTis 
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The  Plane  Grating  for  Stellar  Spectroscopy. 

Under  the  above  title  in  the  Astrophysical  Journal  for  June, 
1913,  Mr.  J.  S.  Plaskett  gives  some  interesting  results  of  a 
comparison  of  the  relative  intensities  of  spectra  obtained  with 
spectrographs  in  which  the  dispersing  piece  is  a  plane  grating, 
a  silvered  half-prism,  one  prism  or  three  prisms. 

A  plane  grating  of  15,000  lines  to  the  inch  and  estimated  to 
diffract  about  30  per  cent  of  the  incident  light  into  one  first 
order  was  mounted  in  a  spectrograph  of  the  usual  form  for 
comparison  with  the  one-prism  instrument  of  the  same  linear 
dispersion  at  Hy.  A  second  spectrograph  was  constructed,  of 
the  Littrow  type,  in  which  either  the  grating  or  a  silvered  half- 
prism  could  be  used,  and  which  had  a  linear  dispersion  at  Hy 
equal  to  that  of  the  Dominion  three-prism. 

A  comparison  of  the  relative  intensities  of  the  spectra  photo- 
graphed with  these  several  instruments  was  obtained  in  the 
usual  way  from  successive  exposures  of  different  lengths  on 
the  same  celestial  objects.  The  general  results  of  this  com- 
parison are  briefly  the  following: — 

First,  the  marked  superiority  of  grating  over  prismatic 
spectra  in  the  uniformity  of  intensity  from  Hfi  to  A  3850. 

Second,  that  in  relative  intensity  of  the  spectra  the  three- 
prism  has  the  advantage  over  the  grating  from  Up  to  A  4300, 
while  for  the  region  to  the  violet  of  A  4300  the  advantage  is 
with  the  grating. 

Third,  that  single  or  half-prism  spectra  are  more  intense  than 
those  of  the  grating  from  Hp  to  the  K  line. 

The  lack  of  uniformity  in  intensity  of  prism  spectra  and 
their  inferiority  in  intensity  in  the  violet  region  as  compared 
with  grating  spectra  is  due,  as  is  well  known,  to  the  rapid 
increase  in  dispersion  and  absorption  of  a  glass  prism  in  the 
region  of  short  wave-lengths. 

A  grating  may  therefore  be  used  to  advantage  in  stellar  spec- 
trographs for  studies  in  the  region  of  the  K  line  and  farther  to 
the  violet,  or  where  uniformity  of  intensity  or  dispersion  is 
required.  From  the  results  here  given,  it  appears  that  if  a 
grating  were  ruled  giving  twice  the  intensity  of  the  one  used 
in  the  present  experiments,  it  would  be  superior  to  single- 
prism  dispersion  for  most  work.  J.  H.  Moore. 
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Bond  Zones  of  Faint  Equatorial  Stars. 

The  1 5-inch  east  equatorial  of  the  Harvard  College  Observa- 
tor>-  was  for  many  years  the  most  powerful  telescope  in  this 
country  and  had  but  one  equal  in  Europe — ^the  15-inch  equa- 
t«.-rial  at  Pulkowa.  (")ne  of  the  large  pieces  of  work  accom- 
l'!jvhed  with  this  instrument  in  the  years  1852  to  i860  was  the 
« observation  of  the  faint  stars  in  the  zone  from  the  equator  to 
1-  north  declination.  The  results  were  published  in  Harvard 
AmnaU,  I  Pt.  II,  II  Pt.  II,  and  VI,  and  are  now  brought  to- 
gether in  a  single  catalog  on  a  homogeneous  system.  The 
work  was  carried  out  by  Miss  Margaret  Harwood,  assisted  by 
Miss  Mary  O'Reilly,  under  the  direction  of  Professor  Pick- 
EiiN<;,  and  the  catalog  forms  Volume  LXXV,  Part  I,  of  the 
Annals. 

The  Xicolajew  catalog  of  the  Astronomische  Gesellschaft 
contains  the  positions  of  1,756  stars  that  are  also  included  in 
the  Ikmd  Zones.  These  furnished  the  data  necessary  to  reduce 
the  Ikmd  places  to  the  Nicolajew  system,  an  ingenious  graphical 
methcxl  being  employed  to  find  the  corrections.  As,  in  general, 
each  zone  was  observed  twice,  usually  on  consecutive  nights, 
the  data  were  also  available  for  detecting  errors  of  various 
kinds,  and  for  estimating  the  probable  error  of  a  star-place. 
This  is  found  to  be,  for  a  star  observed  in  two  zones,  ±  0^.06 
in  right  ascension  and  d:  0^.6  in  declination. 

The  average  magnitude  of  the  stars  is  below  11,  and  stars 
a«  Unt  as  13  and  13.5  are  to  be  found  in  the  catalog.  The 
ch:ef  value  of  the  catalog  is  that  it  affords  "ahnost  the  only 
material  now  available  for  determining  from  visual  observa- 
tirms  the  proper  motions  of  the  faint  stars." 

R.   G.   AlTKEN. 

October,  1913.  , 

A  Cataijogue  of  16,300  Stars  Observed  wrrH  the  I2-Inch 
Meridian  Photometer — E.  C.  Pickering. 

The  record  of  the  extensive  photometric  observations  made 
H  the  Harvard  College  Observatory  is  continued  in  \'olume 
LXXIV  of  the  Annals,  which  contains  the  results  of  Professor 
Pickering's  own  measures  with  the  12-inch  meridian  photo- 
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meter  on  stars  other  than  those  in  the  Ehirchmusterung  Zones 
published  in  Harvmd  Annals,  70. 

The  stars  may  be  divided  into  classes  showing  the  reasons 
for  their  selection: — sequences  for  variable  stars,  stars  from 
the  Bond  Zones  (referred  to  in  another  note  in  this  number 
of  the  Pubticatians),  stars  from  Kapteyn's  Selected  Areas, 
comparison  stars  for  Halley's  Comet,  for  Eros  and  other  aster- 
oids, etc, — ^in  all  twenty-five  different  classes  of  stars.  The 
great  majority  are  faint,  ranging  from  magnitude  9.0  to  13.5. 

The  volume,  in  its  arrangement  of  results,  shows  the  thought 
that  has  been  bestowed  upon  the  question  of  compressing  a 
vast  amount  of  information  into  small  compass  and  in  conveni- 
ent form  for  use.  This  problem  has  been  very  successfully 
solved  without  the  slightest  detriment  to  the  value  of  the  work. 

Professor  Pickering's  own  measures  with  this  photometer 
have  now  reached  the  total  of  726,952.  j^  q  Aitken. 

October,  1913. 

Distribution  of  the  Stars  in  Distance  from  the  Sun. 

Two  articles  have  recently  appeared  in  the  Monthly  Notices, 
7S,  334,  346,  upon  the  distribution  of  stars  in  space,  or  the 
numbers  of  stars  at  various  distances  from  the  Sun.  In  one, 
Dyson  says:  If  the  law  of  distribution  of  linear  velocities  of 
stars  be  known,  it  should  be  possible  by  comparison  with  proper 
motions  to  derive  the  law  of  distribution  of  stellar  distances. 
In  the  other,  Eddington  says:  The  problem  is  to  find  how  the 
stars  are  distributed  in  distance  from  the  Sun. 

Two  assumptions  are  made:  First  that  the  same  law  of 
occurrence  of  linear  velocities  holds  throughout  space ;  second, 
that  the  components  of  velocity  across  the  line  of  star-streaming 
occur  according  to  the  law  of  errors.  The  first  assumption 
eliminates  any  relation  between  the  velocities  and  intrinsic 
luminosities.  The  second  is  well  corroborated  by  observation, 
as  is  shown  by  the  following  figures  derived  from  the  Lick 
Observatory  radial  velocities  of  Class  K  stars :  For  velocities 
between  o*'"  and  s*"",  the  law  of  errors  requires  53  stars,  while 
55  were  observed ;  between  5*"  and  10^  are  found  by  the  law 
46,  by  observation  47;  between  lo*'"*  and  15*"  by  the  law  38,  by 
observation  30;  between  15*"  and  25*^  by  the  law  27,  by  obser- 
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f»tM«  30;  bcti*'ccn  25*"  and  40^"  by  the  law  6.  by  observation 
10;  fTwitcr  than  40^,  by  the  law  none,  and  by  observation 
mom.  This  is  one  way  of  showing  that  observed  radial  veloci- 
ties confirm  the  phenomena  of  star-streaming. 

It  b  next  assumed  that  the  number  or  proportion  of  stars  at 
a  distance  r  is  an  exponential  function  of  r  of  the  form — 

in  which  A  is  a  constant.  By  comparison  with  the  proper  mo- 
iiiwi>  of  Carri.noton's  circumpolar  stars  and  of  the  Boss  stars 
bri^ter  than  sixth  magnitude,  values  of  the  constant  have  been 
foand  which  best  fit  the  observations.  The  function  then  forms 
the  basis  for  calculating  the  number  or  proportion  of  stars  at 
Tarious  di>tances,  the  unit  of  distance  being  that  correspond- 
inj  to  a  parallax  of  one  second  of  arc.  Dyson  finds  in  his  dis- 
cu^Hjdn  of  the  Carrington  circumpolar  stars  that  more  than 
•  oe  third  of  them  are  congregated  between  200  and  400  units 
-^f  disunce  or  between  600  and  1,200  light-years,  and  that 
practically  none  are  beyond  a  1,000  units  or  3,200  light-years, 
nhiic  tmly  one  may  be  nearer  than  40  units  or  130  light-years. 
Ei<Mx<.T<)X,  in  discussing  the  stars  brighter  than  sixth  mag- 
nitude in  Boss's  Catalogue,  has  separated  the  Qass  A  and  Qass 
K  stars  and  has  divided  each  class  into  high  and  low  galactic 
laxitudc>.  He  finds  for  all  these  stars  in  general  that  between 
noe  third  and  one  half  of  them  are  congregated  between  50  and 
100  anit<  of  distance  or  between  160  and  325  light-years.  He 
mrark*  in  discussion  of  the  results  that  it  is  not  easy  to  say 
f>iw  reliable  they  may  be,  but  they  indicate  one  method  of 
tracking  the  problem.  The  comparatively  small  range  of 
'^.'*tance  which  includes  the  great  majority  of  the  stars  is  a 
n-<iceab]e  feature.  Professor  Kaptevn's  numbers  correspond 
to  a  distribution  considerably  more  spread  out.  The  present 
mnnber*  appear  to  record  well  with  the  usual  views  of  stellar 
'iMribution ;  namely,  that  near  the  Sun  the  density  of  stars  is 
fairly  uniform,  and  that  in  the  plane  of  the  galaxy  this  uniform 
•iiuribution  extends  a  great  distance,  while  perpendicular  to 
the  piane.  the  density  thins  out  rather  rapidly. 

From  the  results  of  these  discussions  of  stellar  distances, 
Ihnys  and  Eddincton  have  derived  the  munbers  of  stars  of 
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various  luminosities  contained  within  a  sphere  of  radius  corre- 
sponding to  a  parallax  of  one  one-hundredth  of  a  second  of  arc 
or  325  light-years.  Dyson's  figures  are  23,000  stars  brighter 
than  the  Sun,  5,000  more  than  10  times  the  Sun,  1,500  more 
than  25  times  the  Sun,  300  more  than  50  times  the  Sun,  24 
more  than  100  times  the  Sun,  and  none  more  than  200  times 
the  Sun.  He  concludes  that  95  per  cent  of  the  Carrington 
stars  are  brighter  than  the  Sun  and  beyond  the  sphere  of  o".oi 
of  parallax.  Eddington's  figures,  based  on  the  stars  of  Boss's 
Catalogue,  are  for  Class  K  stars  only :  namely,  2,700  stars  be- 
tween one  and  10  times  as  bright  as  the  Sun,  1,000  between 
10  and  100  times  the  Sun,  100  between  100  and  500  times  the 
Sun,  10  more  than  500  times  as  bright  as  the  Sun,  or  a  total 
of  more  than  3,700  stars  brighter  than  the  Sun. 

G.  F.  Paddock. 
October.  1913. 


GENERAL  NOTES. 


A  Man-P(nccr  Drixing-Clock, — The  driving-clocks  of  mod- 
ern e<]uat<)rial  telescopes  are  really  instruments  of  precision, 
ami  mechanisms  of  wonderful  accuracy,  capable,  frequently, 
oi  maintaining  in  motion  a  mass  of  many  tons*  weight  with  a 
n>>vcment  so  smooth  and  regular  that  for  minutes  at  a  time 
there  will  be  no  deviation  so  great  as  one  second  of  arc.  So 
perfectly  does  the  modem  ball-governor  clock  perform,  that 
the  a^trimomcr  of  to-<lay  has  little  realization  of  the  mechanical 
inij)cr  feet  ions  in  spite  of  which  the  astronomer  of  half  a  cen- 
Hir>  aj^o  managed  to  secure  excellent  observations.  Perhaps 
the  most  unique  driving-clock  ever  used  was  that  employed 
f  T  L\s>KLi/s  great  four- foot  reflector  at  Malta  about  i860. 
T'»  (junte  from  the  introduction  to  his  "Observations  of  Planets 
ami  Nebular  at  Malta  {Mem.  R,  A.  5*.,  36,  2,  1867)  :— 

"I  have  not  attempted  to  carry  on  the  telescope  by  a  driving  clock, 
pr.»;<rl>  vo  called;  as  the  great  weight,  amounting  to  many  tons  on 
♦><  ><jnnKo  (the  moving  parts  weighed  about  eight  tonsl  makes  it  a 
tiirnk  problem.  I  have,  however,  a  system  of  wheel-work,  terminating 
m  a  rty-mhee!  and  winch-handle,  which  I  might  almost  say  answers 
eq  ill)  well.  The  train  is  so  regulated  that  to  give  the  telescope  a 
♦1  !*Tral  motion  it  is  only  necessary  to  turn  this  winch-handle  once, 
a*  .-".ratcly.  in  every  second.  A  sort  of  skeleton  clock,  giving  motion 
t^i  a  It it'd- Ideating  pendulum,  is  placed  adjacent  to  the  handle,  and  it  is 
:^t  li'.'tv  of  an  assistant  (he  may  be  merely  a  peasant)  to  take  his 
;^'.jcr  at  thi*  winch,  giving  it  one  revolution  for  every  vibration  of  the 
prn<l  ilnm  The  fly-wheel,  generally,  insures  the  uniformity  of  each 
rr\i»I'.tu»n,  and  a  very  short  initial  training  is  generally  suflficient  to 
cr..He  the  workman  to  make  the  revolutions  perfectly  coincident  with 
t.v  hra:«  of  the  pendulum.  In  some  respects  this  mode  of  driving  is 
*-;»crv»r  to  the  ordinary  mode;  for  it  can  be  instantly  interrupted,  or 
acrclcratcd,  or  retarded  at  pleasure,  when  required  for  any  special  pur- 
?  **  The  amount  of  labor  is  not  great,  as  it  may  be  continued  for 
>  'ijr*  without  l)eing  oppressive." 

<  Hie  w«  ulcl  like  to  know  the  peasant's  opinion  as  to  the  labor 
involved  in  making  thirty-six  hundred  regular  motions  per 
^•nr.  even  though  no  great  force  was  used  in  each  movement. 

'T»f>  a*>sistants  are  all  that  the  observer  requires,  and  they  are  far 
Ir-m  being  constantly  engaged.  One  or  other  of  them  (and  they  gen- 
ttiWy  mterchange  during  a  long  night*s  observation)  is  occupied  pretty 
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constantly  in  driving  the  telescope, — ^thc  other,  fitfully,  in  carrying  on 
the  [observing]  tower,  as  the  telescope  retreats  from  it" 


An  Institute  far  Research  in  Theoretical  Astronomy. — So 
rapid  h^s  been  the  advance  in  recent  years  on  the  practical 
a|id  observatioxiLal  side  of  astronomy  that  no  fault  can  be  found 
with  presentrday  equipments  and  endowments.  The  same  can- 
not be  said  for  existing  provisions  for  research  in  celestial 
mechanics.  Here  the  disproportion  between  the  number  of 
problems  awaiting  research  and  the  funds  available  for  carry- 
ing on  such  studies  is  very  gre?it.  The  layman  (and  perhaps 
not  a  few  practical  astronomers  as  well)  has  but  slight  idea 
of  the  amount  of  work  which  is  necessary  to  carry  through  . 
the  larger  problems  of  research  in  theoretical  astronomy,  in- 
volving the  work  of  master  minds  in  the  very  limits  of  mathe- 
matical analysis  in  the  first  stage,  the  transforming  of  these 
theories  to  forms  suitable  for  computation  as  the  second,  and 
frequently  years  of  work  by  computers  as  the  final  stage. 
To  mention  only  one  problem :  the  task  of  keeping  track  of  the 
asteroids  is  becoming  a  very  serious  one,  and  it  alone  now 
needs  the  services  of  a  large  and  highly  trained  staff  of 
astronomers. 

The  Committee  on  the  Minor  Planets  of  the  Astronomische 
Gesellschaft,  to  meet  this  need,  has  outlined  in  the  last  num- 
ber of  the  Viertcljahrschrift  a  plan  for  a  Research  Institute 
of  Theoretical  Astronomy. 

Great  as  is  the  need  for  such  a  bureau  of  research,  we  fear  that 
some  time  may  elapse  before  the  hopes  of  the  committee  may  be 
realized.  The  plan  is  an  ambitious  one;  the  staff  would,  as 
planned,  consist  of  eight  theoretical  astronomers,  ten  high- 
grade  computers,  thirty  routine  computers. 

The  annual  budget  would  total  about  $50,000,  the  building 
would  cost  about  $125,000,  and  the  large  sum  of  $25,000  is 
specified  for  computing  machines.  An  endowment  of  approxi- 
roately  $1,400,000  would  be  necessary  to  carry  out  the  scheme 
on  the  lines  indicated. 

A  good  suggestion  is  given  in  the  Oxford  Notes  of  The 
Observatory  for  October,  191 3,  in  discussing  the  subject  of 
the  proposed  Research  Institute: — 
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(SEVENTYEIGHTH)   AWARD  OF  THE  DONOHOE  COMET-MEDAL 
The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific  has  been  awarded  to 
Monsieur  A.   Schaumasse,   of  Nice,   France,   for  the  discovery  of  an   unexpected 
comet  on  May  6,  191 3. 

Committee  on  the  Comet-Medal: 

W.  W.  Camfbell, 
S.  D.  TowKunr, 

H.   D.    CUBTIS, 

(SEVENTY-NINTH)   AWARD  OF  THE  DONOHOE  COMET-MEDAL. 
The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific  has  been  awarded  to 
Rev.  J.   H.   Metcalf,   of  Taunton,    Massachusetts,   for  the  discovery  of  an  unex- 
pected comet  on  September  i,  1913. 

Committee  on  the  Comet-Medal: 

W.  W.  Campbbu., 

S.    D.    TOWNLEY, 
H.    D.    CUBTIS. 

(EIGHTIETH)  AWARD  OF  THE  DONOHOE  COMET-MEDAL. 
The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific  has  been  awarded  to 
Monsieur   G.    Neujmin,   of   Simeis,    Russia,    for   the   discovery   of  an   unexpected 
comet  on  September  3,  1913. 

Committee  on  the  Comet- Medal: 

W.  W.  Campbell, 

S.    D.    TOWKLKT, 

H.  D.  Curtis. 
Adjourned. 

D.  S.  Richardson, 

Secretary. 


Minutes  of  the  Meeting  of  the  Astronomical  S(x:iety  of 

THE  Pacific  held  November  29,  1913,  at  8:00  p.  m., 

AT  Chabot  Observatory,  Oakland,  Cal. 

Vice-President  R.  G.  Aitken  presiding. 

Dr.  Aitken  made  a  brief  opening  address  and  introduced  Mr. 
Charles  Burckhalter,  who  made  the  announcement  that  the  Board 
of  Education  of  the  City  of  Oakland  had  decided  to  remove  the  ob- 
servatory to  a  more  favorable  location,  and  that  it  had  been  decided 
by  the  City  of  Oakland  to  secure  a  20-inch  telescope. 

Mr.  Ambrose  Swasey,  of  the  firm  of  Warner  &  Swasey  of  Qevebnd, 
Ohio,  was  introduced  and  made  a  few  remarks  in  reference  to  the 
construction  of  telescopes  and  astronomical  instruments  and  made  special 
reference  to  the  72-inch  equatorial  telescope  now  being  constructed  for 
the  Dominion  of  Canada. 

Mr.  John  A.  Brashar,  the  distinguished  scientist  and  lens-maker  of 
Pittsburg,  Penn.,  was  then  introduced  and  made  an  extended  and  very 
interesting  address  on  the  subject  of  casting  and  polishing  of  telescopic 
lenses.  At  the  close  of  his  address  a  vote  of  thanks  was  tendered  to  him 
for  appearing  before  the  Society. 

At  the  close  of  the  meeting  Mr.  Burckhalter  invited  all  present  to 
visit  the  observatory,  where  a  very  fine  view  of  the  rings  of  Saturn 
was  observed  through  the  8-inch  equatorial  telescope. 

D.  S.  Richardson, 

Secretary. 
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Rcp*>rt  of  special  committee  on 10,  254 

Statutes  for  bestowal  of 9,  168;  21,  252 

B>Uws  of  the..  ..1.  3;  2,  34;  3,  194;  5,  18;  6,  19;  9,  163;  21,    247 
Catalogue  of  library  of  the,  and  of  the   Alexander  Mont- 
gomery Library.    Otto  von  Geldern 3,  303 

Sidney  D.  Toumlcy 16,  157 

Library  Committee 23,  185 

Comet- Medal  of.  The  Donohoc   1,    48 

First  award  of,  to  W.  R.  Brooks  2,    99 

Awards  of 2,  245*  292;  3,  ill,  216,  354;  4,  128, 

129.  254;  5.  4^,  216;  6,  157.  218,  228;  7.  40,  329; 
a.  26,  176,  224.  285;  9,  36.  38,  99;  10.  22,  III,  185; 
11.  37*  157;  13,  26,  64;  15.  19.  83,  202;  16,  103.  232; 
17.  55;  16.  57.  58.  304,  305;  19.  82.  236;  20.  93.  286; 
21.  198;  22.  93;  23,  121.  232,  262;  24,  122,  268;  25,  287 

Rules  relating  to  the 3,  145 ;  9,  170;  21,  254 

Library  notice 10.  84,  85 ;  11,  134;  19,    83 

Li*t  of  charter  members 1,      2 

[List  of  members  and  of  corresponding  institutions  are 
pnmed  at  the  beginning  of  each  volume.] 
Minutes  of  meetings.     [These  will  be  found  in  nearly  every 
numl>er.  J 

Note  from  the  retiring  president 5,    41 

Notice  to  members  of 7.  230;  9.  41 ;  18,  192;  19.  258;  21,  256 

Officers  of.     [The  names  are  printed  on  the  last  page  of  each 
number.] 
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Astronomical  Society  of  the  Paofic  (Continued)  : 

Organization  of I,     i 

Publications,    note    on    translations   of   articles    in    foreign 

journals  for  the 2,    99 

Seal  of  the 3,    78 

Statement  by  the  president  of  the.    A.  O.  Leuschner IS,  191 

Suggestions  to  members  of  the.    E.  S.  H olden 6,  243 

Astronomical  Society  of  Wales,  Note  on 7,  130 

The  work  of  an.    E.  S.  Holdcn I,     9 

Telegrams.    (See,  also,  under  Lick  Observatory)   9,  155 

AsTRONOMiscHE  Gesellschaft,  Die     H.  Kreuts  2,   41 

Astronomy  and  astronomers  in  their  relation  to  the  public.    W.  J. 

Hussey 9,    53 

and  numismatics  3,    41 

contributions  of  Raphael  and  Albrecht  Diircr  to.    E.  S.  Holden.2,    19 

courses  in  (at  Berkeley).    A,  O.  Leuschner  19,247 

Government  aid  to,  in  France  and  Belgium  3,  143 

A  graduate  school  of,  at  Mt.  Hamilton.    E,  S.  Holden.A,  184;  5,  110 

in  America,  The  development  of  12,  109 

Progress  of,  1620-1893   5,  176 

in  Canada.    C.  A.  Chant  19,  209 

in  Central  Europe,  Rise  and  progress  of.    5".  D.  Townley 

11.  114,  n7*  i8ft 

in  South  America,  Some  notes  on.    M.  Updegraff  2,217 

Our  debt  to.    R,  T.  Crazvford 19,  181 

Popular  interest  in.    /.  D.  Galloway 24,    97 

Suggestion  to  university  instructors  of  classes  in.  C.  B.  Hill.  .4,  180 
Teaching  of,  in  the  University  of  CaHfornia.  E.  S.  Holden...7,  126 
teaching  of,  in  the  United  States,  Report  on  the  10,    42 

Atmosphere,  Heating  the.    A.  G.  McAdie 23,  253 

of  planets,  Circulation  of  the.    M.  Manson S,    47 

Atmospheric  absorption  of  photographic  rays.    /.  M.  Schaeherle. 

3,  296;  4,  27U 

currents.  The  study  of,  by  the  aid  of  large  telescopes.    E.  S. 

Holdcn 7,  12! 

Attraction,  Constant  of.    F.  H.  Scares  11,    22 

AtTioRA,  A  brilliant,  February  22,  1894.    C.  D.  Perrine 6.  124 

of  February  22,  1894.    M.  A.  Vceder 6,  173 

Bright,  August  19,  1894.    C.  D,  Perrine 6,  293 

Note  on  the  photography  of 25,  267 

observations,  Note  on.    M.  A.  Veedcr  6,  297 

spectrum,  On  the  origin  of  principal  line  in  the.     W.   IV. 

Campbell 11,    51 
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ArwtKS,  Dk.  AjtTHUt,  Address  of  retiring  president  of  the  So- 
ciety in  awarding  the  Bruce  medal  to.    R,  G.  Aitken 11,    61 

B  Tm  Staks  :   See  Class  B  Stais. 

BatKiunr  Astronomical  Department :  See  Students'  Obshvatoby. 

BtiSii..  The  manuscripu  of.    E.  S.  Holden 6,  195 

BiNABY  Stabs,  Relation  between  the  colors  and  magnitude  of 

the.     £.  5.  Holden  2,  303 

See.  also.  Double  Stabs  and  Spectboscopic  Binaby  Stabs. 

fr-xo,  W.  C.  Portrait  of.    E,  S.  Holden 9,    91 

Bnxs'  slide-rule.  The.    G,  IV,  MoMtt 23.  266 

C\LEyoAB  reform.    R.  E.  IViUon  24.  113 

G,  if.  Searle  24.  161 

Cabbonic  Acid  in  the  air,  On  the  influence  of.  upon  the  tem- 
perature of  the  Earth.     (Abstract.)     S.  Arrhenius 9,    14 

CASseuBAiNiAN    tekscope.    Description    of    a     new.      /.    M, 

Sckaeberle 7.  185 

CiLtsTiAL  mechanics.  Remarks  on  progress  of.    E.  S.  Holden 8.  90 

objects.  How  to  find,  with  equatorial  telescope  without  aid  of 

videreal  time-piece.    C.  Burckhalter 4,  66 

Ph<~.tt>gTaphy,  International  Congress  of.    E.  S.  Holden 2,  70 

Chabts  of  faint  stars  for  magnitude  comparison.    R,  H.  Tucker, 

8,  aoa;  6.  227;  S,    95 

Cbbomatic  Abebbation  :  See  Absbbatiok. 

CHkoxoMCTEB,  On  the  thermometric.  of  the  Lick  Observatory. 

A.  O.  Lenschner 3.  177 

Sir  James  South  on  4,    4$ 

CiTHim  Code  for  astronomical  messages,  A.    E.  S,  Holden 8.  109 

CtpHo  TcLEGBAMS,  Errors  in,  due  to  Morse  code.    E.  S,  H olden. S,  196 

Col^'it-Bbeakex  for  astronomical  clocks,  A  new.    A.  F.  Poole,. 7,  220 

Class  B  Stabs,  On  the  motions  of  the  brighter.  IV,  W.  Camp- 
bell   23,    85 

whose  spectra  contain  bright  hydrogen  lines.    P.  IV.  Merrill. IB,  118 

Cumatts,  Geological  and  solar.    /.  M.  Sckaeberle 8,  225 

Cloce- Rates  and  barometric  pressure  as  illustrated  by  mean- 
time clock  and  three  chronometers  at  Mare  Island  Ob- 
servatory, with  a  description  of  the  observatory.  E.  Hay- 
den  II,  lOI 

in  consunt  temperature  and  under  constant  pressure 14,  172 
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Cluster,  in  Hercules,  Characteristic  forms  within  the.     E.  S.  : 

Holden 3,375         1 

M  34,  Photograph  of  the.    E,  S.  Holden 3,   62         * 

type  of  stellar  variation,  The.    C.  C.  Kiess 24,  186 

variable  RR  Lyra,  The.    C.  C.  Kiess 25,  121 

CoELOSTAT,  The.     W.  IV.  Campbell  7,  293 

telescopes,  Polarization  phenomena  of.    G.  E.  Hale 24,    73 

See,  also.  Solar  Observatory,  Tower  telescope. 

Comet: 

Brooks'  periodic.    E.  E.  Bartiard  1,    72 

W.  J.  Hussey 8,  227 

R.  G.  Aitken  16.    34 

Rediscovery  of.    R,  G.  Aitken 15,  221 

Researches  upon.    W.  IV.  Campbell 5,  232 

C.  L.  Poor  6,  177 

D' Arrest's,  Rediscovery  of.     C.  D,  Perrine  9,  155 

Donati's,  Photographs  of,  in  September,  1858.    E.  S.  Holden.. 9,    89 

Encke's  periodic.    E.  L.  Larkin 13,  174 

Finlay's  periodic.    E.  A.  Path  IS,  270 

Halley's.    H.  D.  Curtis 21,  259;  22,  33,    96 

December  [1909]  observations  of.    R.  G.  Aitken 21,  259 

Ephemeris  of 22,  37,  loi 

Note  on  22,  195 

Note  on  the  orbit  of.    R.  T.  Crawford 22,    97 

Observations  of.     H.  D.  Curtis  21,  211 

Observed  from  the  summit  of  Mt.  Whitney.    G.  P.  Marsh. 23,  240 
Photographs  of,  made  at  the  Lick  Observatory.     H.  D. 

Curtis 22.  117 

Physical  ephemeris  of.    C.  P.  Olivier 22,    34 

Resume  of  observations  of,  at  Cordoba.    C.  D.  Perrine. .  .22.  211 

Return  of.    IV.  IV.  Campbell 21,  188 

Visual  observations  of,  January-May,  1910.    R.  G.  Ait  ken. 22,  134 

An  expedition  to  photograph  a  comet.    P.  Ellerman 22,  165 

See,  also,  Abstracts  from  Astronomical  Publications. 

Holmes's.     JV.  W.  Campbell 5,    93 

C  D.  Perrine   11,257 

R.  G.  Aitken  19,    84 

Concerning  the  orbit  and   fluctuations   in  brightness   in. 

L.  Boss   5,    94 

Rediscovery  of.    C  D.  Perrine 11,  134 

Spectrum  of.     W.  IV.  Campbell  5,    99 

Lexell's,  Probable  return  of.    E.  E.  Barnard  2,    21 

Pogson  (1872).    W.  H.  S.  Afonck 4,  253 

and  the  Bielan  meteors.     IV,  H.  S.  Monck  4,    19 
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CoMFT  (Continued): 

Rordam*.   Study  of  the  physical  characteristics  of.     IV.  J. 

Husscy 7,  161 

5>ee.  also.  Comet  1893  H. 

Templei-    C,  D.  Perrint 11,  125 

Wmnecke's  periodic,  Rediscovery  of.    C  D.  Perrine 10,    35 

Wolfs  periodic.    /!'.  /.  Hussey 10,  144 

of  ifito.  Medal  of  the  great.    £.  S.  Holden 2,  124 

1855  IL     H\  J.  Hussey 8,    91 

i^VglH  (Barnard),  Orbit  of.    A.  O.  Leuschner 1.    31 

i88q  IV  ( Davidson),  Photograph  of.    E.  S.  Holden 1.    34 

Spectrum  of.    /.  E.  Keeler 1,    2l^ 

iSKgVI  (Swift),  Parabolic  elements  of.    A.  O.  Leuschner 1,  128 

1890  II  (Brooks),  Elements  of.    A.  O.  Leuschner 2,    98 

i8go  III  ( Ct>ggia),  Elements  of.    A.  O.  Leuschner 2,  237 

1800 V'l  (Denning),  Elements  of.    A.  O,  Leuschner 2,  237 

iHgi  I  {  Barnard).  Elements  and  ephemeris  of.    /.  M.  Schae- 

hcrle 3,  252 

i8<>i  IV    (Barnard),    Elements   and   ephemeris   of.     H\    W. 

Campbell 3,  378 

1892  V  (  Barnard).  Discovery  of.    £.  5".  Holden  4,  267 

Fllements  of.     H\  W.  Campbell  4,  265 

of  i8g.v  April  16,  Eclipse  or  coronal.    /.  M.  Schaeberle 6,  237 

E.  S,  Holden 6,  144  2^7.  295.  302 

C.  Flammarion 6,  289 

1893  I   (Brooks).     H',  U\  Campbell  5.235 

Visible  spectrum  of.     IV.  IV.  Campbell 5,  208 

1893  II   (  Rordame).     IV.  IV.  Campbell  5,  179 

Discovery  of 5,  154,  204;  6.  I46 

Photographs  of.    H\  J.  Hussey 5,  143 

Reproduction  of  a  photograph  of.    IV.  /.  Hussey 6,  243 

Spectrum  of.     IV.  IV.  Campbell  5,  145 

See,  also.  Comet  Rordame. 

1894  I    (  Denning)    6,  136 

Orbit  of.     L.  Schulhof  6,  176 

189411    (Gale)    6.136 

i«94  IV  ( E.  D.  Swift).  Discovery  of.    E.  S.  Holden 6,  30a 

Note  on.    /.  D.  Maddrill 19,  212 

Note  on  definitive  elements  of.    F.  H.  Seares 12,    43 

Orbit  of.     A.  O.  Leuschner  6,  ya 

189511   (Swift),  Elements  of.     A.  O.  Leuschner  (with  note 

by  E   S   Holden)   7,348 

1895  HI  ( Brooks).    E.  S.  Holden 7.  339 

1895IV  rPerrinc).    C.  D.  Perrine 7,  342;  6.    88 

Elements  of.     \V.   IV.  Campbell  7,  344 

Elements  of.    /?.  G.  Aitken  S,    99 
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Ephemeris  of.    C.  D,  Perrine S,    77 

1896 1  (Perrine).    C.  D.  Perrine S,    88 

Brightness  of.    C.  D,  Perrine S,   89 

Elements  of.    A.  O.  Leuschner  and  F,  H.  Seares S,   87 

Elements  of.    W.  J.  Hussey 8,    95 

Photographs  of.    A.  L.  Cotton  8,  194 

1896  III   (Swift),  Discovery  of.    R,  G.  Aitken  8,  188.  193 

Elements  of.    F.  H.  Seares 8,  181,  189 

Elements  of.    R.  G.  Aitken   8,  189,  192 

Elements  of.    C.  D.  Perrine  S,  197 

Observations  of.    R.  G.  Aitken  and  W.  J.  Hussey 8,  189 

Orbit  of.    R.  G.  Aitken  11,  126 

1896 IV  (Sperra),  Elements  of.    F.  H.  Seares 8,  256 

Elements  of.     W.  I.  Hussey 8,  257 

1896  V  (Giacobini),  Elements  of.    F.  H.  Seares 8,  256,  289 

Elliptic  elements  of.    W.  J.  Hussey  and  C.  D.  Perrine 8,  289 

Elliptic  elements  of.     W.  J.   Hussey    12,  200 

1896  VII    (Perrine),  Discovery  and  elements  of.     C.  D. 

Perrine 9,    39 

Elements  of.    F.  H.  Seares  and  R.  T.  Crawford 9,    36 

Elliptic  elements  of.    W,  J.  Hussey  and  C.  D.  Perrine 9,    46 

1897  I  ( Perrine),  Elements  of.    F.  H.  Seares 8,  315 

Elements  of.    C.  D.  Perrine  8,  329 

1897  III    (Perrine),   Discovery  and  elements  of.     C.  D. 

Perrine 9,  232 

Elements  of.    R.  T.  Crawford 9.  234 

Elements  of.    W.  I.  Hussey  and  R.  G.  Aitken 9,  246 

1898 1  (Perrine),  Definitive  orbit  of.    H.  D.  Curtis 14.  127 

Discovery  of.    C.  D.  Perrine 10,    85 

Elements  of.    R.  T.  Crawford  and  H.  K.  Palmer 10,    79 

Elements  of.     W.  J.  Hussey  10,  86,    122 

Elements  of.    C.  D.  Perrine  10.  116 

Elliptic  elements  of.    C.  D.  Perrine 10,  117 

Elliptic  elements  of.    H.  D.  Curtis 11,    80 

1898V  (Giacobini),  Elements  of.     W.  J.  Hussey 10,  157 

1898  VI   (Perrine),  Discovery  of.    C.  D.  Perrine 10,  155 

Elements  of.    C  D.  Perrine  and  R.  G,  Aitken 10,  157 

Elements  of.    C.  D,  Perrine  10,   158,199 

1898  VII  (Coddington),  Discovery  and  elements  of.    E.  F. 

Coddington  10.  146 

Independent  discovery  of.     W.  Pauly 10,  162 

Note  on.    E.  F.  Coddington  10,  156;  11,  203 

1898  VIII  (Chase),  Elements  of.    E.  F,  Coddington 11,    52 

Elements  of.     R,  Sprague  1 1,  156 

1898 IX  (Perrine),  Discovery  and  orbit  of.    C.  D.  Perrine,. \0,  194 
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Cojirr  (Coatinacd) : 

Ekinents  of,     C.  D.  Perrinc  10,  195 

i8g8X  (Brooks),  Photographs  of.    /.  E.  KteUr 10,  252 

Resemblance  of  the  orbit  of,  to  that  of  Comet  1881 IV 

(Schaeberle).    IV.  /.  Hussey 10.  243 

C.  D.  Perrine   10,250 

i8ggl  (Swift),  Elements  of.    W.  J.  Hussey II,    86 

Observations  of,  for  refraction.    C.  D.  Perrine 11.  152 

Photographic    observations   of.     £.    F.    Coddington   and 

H.  K.  Paimrr  11,  147 

Physical  changes  obser\'ed  in  the  head  of.    C.  D.  Per riue. II,  150 

Spectrum  of.     IV.  W.  Campbell  12.    35 

1899  V  (Giacobini),  Elements  of.    Miss  A.  Hobe,  Y.  Kuno, 

S.  C  Pkipps,  and  R.  Sprague 11.  190 

Elements  of.     C.  D.  Perrine  11,  257 

igoo  I  (Giacobini ).  Elements  of.    C.  D.  Perrine 12,    75 

igoo  11   ( Borrclly- Brooks).    R.  T.  Crauiord 12,  204 

Elements  of.    C.  D.  Perrine 12.  204 

Photographic  observations  of.    H.  K.  Palmer 13,    48 

igoi  I.     R.  G.  Aitken  13,  124 

£.  L.  Larkin  13.  117 

C.  D.  Perrine  14,  lio 

igo2  I  (Brooks).    R.  G.  Aiiken  14,  ill 

i^AJ  III    (Perrine).    Discovery    and    elements    of.      C.  D. 

Perrine 14,  167 

Elements  of.    R.  G.  Aitken 14,  193 

Photographic  observations  of.    R,  H.  Curtiss 15,  149 

1903  n  < Giacobini).  Elements  of.    /?.  G.  Aitken 18,    27 

1903  HI  (Grigg).    R.  G.  Aitken 18,  166 

1903  IV  ( Borrelly).    R.  G.  Aitken  18.  203 

Elements  of.    C.  D.  Perrine 18.  204 

Phiitographic  spectnim  of.    C.  D.  Perritte 18,  203 

Photographs  of.    R.  J.  IValface  18.  213 

Photographs  of.    S\  Albreeht   16,    62 

Preliminary  note  on  photographic  ob<:er\ations  of.    R.  H. 

Curtiss  and  5.  Albreeht  18.  204 

1904  I  (Brooks).    R.  G.  Aitken 16.  145 

Elements  of.    R.  G.  Aitken  and  /.  D.  Maddrill 16.  MS 

1905  II   (Borrelly).    R.  G.  Aitken  17.    70 

Note  on  the  orbit  of.    A.  O.  Leuscfuwr  17,    60 

1905  MI  (Giacobini).    R.  G.  Aitken 17.    63 

Elements  of.    R.  T.  Crawford  and  /.  D.  Maddrill 17.  103 

1905  IV  (Kopff).  Elements  of.     R.  T.  Crauiord  and  A.  /. 

Champreux 18,  139 

Note  on.     R.  T.  Crawford  19.    88 

Visual  observations  of.     R.  G.  Aitkrn  19.  U^ 
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1905  V  (Schaer),  Elements  of.    R.  T.  Crawford  17,  194 

1905  VI  (Brooks).    /.  D.  MaddriU  IS,    84 

1906 1  (Giacobini).     R.  T.  Crawford  IS,    82 

Photographs  of.    E.  Smith  IS,    83 

1906 IV  (Kopff),  Note  on.    R.  T.  Craivford IS,  271 

1906 VI  (Metcalf ).    R.  G.  Aitken  19,    S4 

Note  on.    E.  A,  Path  IS,  311 

1906  VII  (Thiele),  Elements  of.    E,  A.  Path IS,  3" 

1907  I  (Giacobini).    S.  Einarsson  and  Miss  A,  E.  Clancy.  ..19,    87 
Note  on.    E.  Einarsson,  Miss  A.  E.  Clancy,  and  Miss  A. 

Joy 19,  166 

Note  on.    A'.  T.  Crawford  19,  262 

1907  II  (Mellish).    R.  G.  Aitken 19,  165 

1907  III  (Giacobini).    S.  Einarsson  and  Miss  A.  E.  Clancy.. 19,  167 

1907  IV   (Daniel).     /.  C.  Duncan  19,  195 

1907  V  (Mellish).    A.  O.  Leuschner 19,  260 

1908 c  (Morehouse).    S.  Einarsson  and  W.  P.  Meyer 20,  266 

Photographs  of.    Miss  A.  E.  Clancy  21,    71 

Spectrographic  and  photographic  observations  of.     H.  D. 

Curtis 21,  208 

Spectrum  of.    W.  W.  Campbell  and  S.  Alhrecht 21,    30 

See,  also,  Abstracts  from  Astronomical  Publications. 

1909a   (Daniel).     R.   T.  Crawford  21,176 

1909 e  (Daniel).    R.  T.  Crawford  22,    97 

1910  a.    R.  G.  Aitken  22,    29 

Note  on  the  orbit  of.    R.  T.  Crawford 22,    97 

Photographs  of.    P.  IV.  Merrill  and  C.  P.  Olizier 22,    31 

Positions  of.    H.  D.  Curtis  22,    ^Z 

Radial  velocity  of.     S.  Alhrecht   22.  143 

See,  also.  Abstracts  from  Astronomical  Publications. 

igioe   (Cerrulli-Faye),  Note  on.     W.  P.  Meyer  and  Miss 

Sophia  H.  Levy  22,  242;  23,    54 

191 1  h  (Kiess),  Note  on  the  discovery  of.    C.  C.  Kiess 23,  203 

Preliminary   elements   and   ephemeris   of.     S.   Einarsson 

and  W.  P.  Meyer 23,  203 

1911  r   (Brooks),   Ephemeris  of.     E.  S.  Haynes  and  /.   H. 

Pitman 23,  236 

Second  elements  of.    R.  K.  Young 23,  235 

Spectrum  of.    W.  H.  Wright 23,  269 

1912a  (Gale).    R.  G.  Aitken 24,  229 

Note  on.    R.  T.  Crawford  and  E.  S.  Haynes 24,  270 

1912  &  (Schaumasse-Tuttle).     Miss  A.  E.  Clancy  and  Miss 
Sophia  H.  Lexry  24,  272 

1912  c  (Borrelly).    5.  B.  Nicholson  and  O.  Lansendorf 24,  271 

7013  a  (Schaumasse).    C.  C.  Kiess  and  S.  B.  Nicholson 25.  171 
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1913 b  (Mrtcalf).    R.  T.  Crawford 25,  263 

\9^Zc  (Xcujmin).    R.  G.  Aitken  25,  264 

Note  on.    5.  B.  Sicholson  25,  293 

1913  d  ( Dchvan-Wcstphal).     R.  G.  Aitken  25.  266 

Note  on.    Miss  Sophia  H.  Levy 25,  293 

i9«3  '  ( Zinncr-Giacobini).    Miss  Anna  R.  Kidder 25,  2g2 

Notes : 

R.  G.  Aitken 11.  48,  202;  13,  35,  7> ;  15,24,87;  17,    25 

n\   n\  CampbeU  7,296 

R.   T.  Crauiord  16,  138 

//.  D.  Cmrtis   23.  267 

/.  D,  Galloway  14,  1 16 

H\  J.  Hussey   8,  240 

/.  D.  Maddrill 18,  134 

C.   D.   Perrine   6,  240;    11,  257 

F.  Schlesinger  15.    48 

5".  D    Townley   20,  247 

See.  also.  Comets. 

Oh*;rr\'aiions  at  Mount  Hamilton.     E.  S.  H  of  den  2,  126 

Tcleijranis  in  the  50uthem  hemisphere.    /.  Tcbbutt  6,  190 

UnknonTi 19,  107 

G)MirrAiY  discoveries.     W.  F.  Denning  10,  1 18 

Comets  :  Ancient.    E.  S.  Holden  4.  266 ;  5,    53 

Br(N>Ks  and   Beljawsky,   Note  on  the  spectrum  of.     H\   //, 

Wright    23,269 

Chief  discoverers  of   2,     18 

CoMTiogony  of.     T.  J.  J.  See  24.    52 

di«<overed  at  the  Lowell  Observatory.    R.  G.  Aitken 16,    83 

Disintegration  of.     //.  A.  Sewton  6,    jo 

Due  to  return  in  1898.    C.  D.  Perrine  9,  239 

Due  to  return  in  1908  20,    44 

of  1618  and  1680,  Medals  of.    £.  S,  Holden 2,  251 

of  i8go 3.    69 

of  1892  and  their  spectra.     \V.  W.  Campbell 4.  248 

of  1804.     H'.  \y.  Campbell  7.    63 

of  1899-     C.  £>.  Perrine  12,    34 

reported  by  Dr.  Swift.  Search  for.    \V.  /.  Hussey 9.    89 

On  the  a^fe  of  periodic.    D,  Kirkwood 2.  214 

Preliminary  note  on  a  mechanical  theory  of.  /.  .V.  Schaeberle,B,  210 
Prcliminar)'  statistics  on  the  eccentricities  of.    A.  O.  Leusch- 

%cr 19.    67 

Table*  of  the  elements  of.     W.  C.  IVinhck  6.  141 

Tabic*  of  the  elements  of,  from  1896  to  1901.   IF.  /.  Hussey. 14,    49 
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Comets  (Continued) : 

Tables  of  the  elements  of,  from  January,  1896,  to  December, 

1907.   /.  C.  Duncan  20,  172 

Unsuccessful  search  for  periodic.    R,  G.  Aitken 16,  216 

Companion  to  the  Observatory  2,    26 

Comparison   Stars,   Meridian   circle  observations   of.     R.   H. 

Tucker 6.  139;  7,  204;  8,    93 

to  Eucharis  (181).    R,  H.  Tucker  5,224 

to  Victorick     J.  M.  Schacbcrle  2,  308 

See,  also.  Lick  Observatory,  Meridian  circle. 

Conference  of  astronomers  and  physicists  at  Harvard 10,  162,  248 

Constant  of  attraction.  The.    F.  H.  Scares 11,    22 

Cordoba  catalogues,  The  design  of  the.    R.  H.  Tucker 6,    34 

Corona,  Experiments  in  photographing  the.  IV.  W.  Campbell... %,  173 
of  December,  1889,  Note  on  [by  Professor  Tacchini] 1,    76 

Photometry  of  the.    E.  S.  Holden  2,    69 

of  April  16,  1893,  Preliminary  note  on  the.    /.  M.  Schaeberle .  .S^  139 

The  inner.     /.  Af.  Schacbcrle  6,  113 

of  August  9.  1896,  On  the  forms  of  the.    /.  M.  Schaeberle 8,  3^ 

of  May,   1901,  Origin  of  a  disturbed  region  in  the.     C.  D. 

Pcrrim 14,    59 

Corona  of  August  30,  1905,  Note  on  a  disturbed  region  in  the. 

\V.  IV.  Campbell  and  C.  D.  Perrine 19.  161 

of  Jan.  3,  1908  (Flint  Island).    IV.  IV.  Campbell 20.  232 

Brightness  of  the.     C.  D.  Perrine  21,    34 

Disturbed    region    in    the.      IV.    IV.    Campbell   and    S. 

Albrccht 20,  230 

On  a  method  of  photographing  the.  during  a  total  eclipse. 

C.  Burckhalter  7,  I57 

Photographing  the   6,    57 

Photographing  the,  in  full  sunlight.    /.  E.  Kecler 1,    32 

Photographing  the,  without  an  eclipse.    W,  W.  Campbell 5.  loi 

Some  physical  phenomena  involved  in  the  mechanical  theory 

of  the.    /.  M.  Schacbcrle 3.    70 

The  solar.     ]V.  JV.  Campbell 19,    71 

The  Sun's.     S.  Arrhctttus  16.  220 

See,  also,  Solar  Corona  and  Ecxipse  Expeditions. 

Coronal  extension.    C.  M.  Charoppin  3.    26 

spectrum  as  observed  at  the  FHnt  Island  eclipse,  1908,  IV.  IV. 

Canif^bcll  and  S.  Albrccht 20.  168 

Correction.  A.     £.  5.  Holden  4.  193 

/.  M.  Schacbcrle   10.  120 
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Contmoxs,    See  Euata. 

CosMtCAL  evolution.  The  laws  of.  and  the  extension  of  the  solar 

sysitm  beyond  Septutu.    T,  J.  /.  Set 21,    60 

motions.  Concerning  some  forces  affecting.    W.  W,  CampMLlS,  164 

Gums  on  the  Moon,  The  origin  of  the  so-called,  by  the  impact 
of  satellites,  and  the  relation  of  the  satellite  indentations 
to  the  obliquities  of  the  planeU.    T.  J.  J.  See 22.    13 

Daily  motion  in  geocentric  right  ascension  and  declination. 
Note  on  a  convenient  method  of  computing,  from  ele- 
ments.   R.  T.  Crawford 16.  226 

D  O.  Mills  Obser\atory :  See  Mills  ExPEDmoN  to  the  southern 

hemisphere. 

Dallmevib  lens  of  eclipse  expedition.    /.  M.  Schaehtrle 5,  230 

DisTA.HCEs  of  the  surs.  The.    //.  D.  Curtis 23.  143 

Davu^son  transit  and  zenith  telescope.    O.  Lansendorf 25.  141 

DoLiLt  Stak  astronomy.   Notes  on  the  progress  of.     W.  J, 

Hmssey 12,    91 

Definition  of  the  term.    R.  G.  Aifken  23.  172 

measures.    R.  G.  Aitken 7,  305 ;  S,  286 

measures.    D.  A.  Lehman  9,  141 

meauires  of  fi  Delphini.    R.  G,  Ailken 9,    93 

of  P  208.    R.  G.  Aitken  20.  185 

oi  fim 9.  238 

of  iEqumici.    R,  G.  Aitken  13,  125;  14.  198 

of  I  Equulei,    IV.  J.  Hussey 14,  195 

of  I  Equulei  and  «  Pegasi  in  1900.    R.  G,  Aitken 12,  255 

of  t  Hydr^  AB.    R.  G.  Aitken 16,  118 

of  70  Ophiueki  and  neighboring  stars.    R.  H,  Tucker 8,  177 

of  Z  2145.    /.  *V.  Schaeberle  8.  177 

Note  on  an  unusual  triple  star.     W,  J.  Hussey 14,  200 

on  ^208  and  ^5^    R.  G,  Aitken  17.    70 

on  fi  346.    R.  G.  Aitken  16,  144 

on  ^ 733  (85 Pegasi),    /.  3f.  Schaeberle  8,  184 

on  Capella  as  a.    R.  G.  Aitken 12,  202 

\\\  J.  Hussey  12,  201 ;  13,  156 

on  companions  to  Aldebaran,    R.  G.  Aitken 10,    83 

on  a  new  binary  star.    R,  G.  Aitken 20,  291 

on  a  new  rapid  binary.  A  88,    R,  G.  Aitken  14.  16O 

on  02  21.    R.  G.  Aitken 16,  215 

on  02  251,     /?,  G,  Aitken  22.  140 

on  OZ  34f .     rr.  y.  Hussey 10.  121 ;  12.    38 

on  isCeti  (Motion  of).    R.  G,  Aitken 17,  159 
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Double  Star  (Continued)  : 

on  2  2028  rej.    R.  G.  Aitken IS,  272 

on  Secchi's  companion  to  2  2481.    R.  G.  Aitken 17,  113 

on  €  Scorpii.    R.  G.  Aitken  17,  1 1 1 ;  20,  290 

Notes.    S,  W.  Burnham   1,    78 

R.  G.  Aitken  , H,  45;  12,  31 ;  22,  137 

Orbits,  A  88.    R.  G.  Aitken  25,    41 

PDelphini.     R.  G.  Aitken 14,  153 

jSioi,  i8  58i,  0279,  02235.    R.  G.  Aitken 24,  165 

i86i2.     R.  G.  Aitken  20,  267 

9  Equulei.     W.  J.  Hussey  12,  215 

€Hydr<BAB,    R.  G.  Aitken  15,  84;  24,  216 

€  Hydra  AB  and  jS  833.    Miss  Florence  Brown 21,  257 

SSTauri,  ^  Urs<p  Minoris,  and  ^Aquarii.    R.  G.  Aitken.. 21,    83 

Ho  212  =  13  Ceti.    R.  G.  Aitken 19,    54 

m'  Herculis.    A.  O.  Leuschner  2,  46 ;  4,  131 

99  Herculis.    R.  G.  Aitken 12,  240 

70  Ophiuchi.    R.  H.  Tucker  6,  185 

r  Cygni.    R.  G.  Aitken  12,  103 

Parallax  of  3  Equulei.    IV.  J.  Hussey 15,    61 

Parallax  and  proper  motion  of  Kruger6o.    R.  G.  Aitken 20,  295 

Problem,  A.    R.  G.  Aitken  IS,    70 

Procyon,  Discovery  of  companion  to.     /.  M.  Schaehcrle S.  314 

Measures  of.    R.  G.  Aitken 9,  47 ;  13.  125 

W.  J.  Hussey   9,  I47 

/.  M.  Schaeherle  9,  46.  244 

Note  on  companion  to.    R.  G.  Aitken 24.  225 

Sirius.     A.  Grieg  4,    97 

Companion  of.     S.  IV.  Burnham   2,  138 

and    its   brightness   according   to   photometric    theory. 

IV.  J.  Hussey S.  183 

Measures  of.    R.  G.  Aitken 

8,  314;  9,  loi,  238;  11,  128;  13,  125;  14.  112 

/.  M.  Schaeherle    9,    46 

W.  J.  Hussey 14,  112 

Note  on  companion  to.    R.  G.  Aitken  24,  228 

Rediscovery  of  companion  to S,  332 

System  of  61  Cygni.    IV.  W.  Campbell ' 6.    68 

of  Zeta  Cancri.    Miss  A.  M.  Gierke 2.  188 

systems,  Evolution  of  the.    T.  J.  J.  See 5,    79 

Weighing  a  2,  125 

Double  Stars: 

Classification  of.    R.  G.  Aitken  21,  143 

Distribution  of,  in  the  zone-f-  56'  to  +  90*.  R.  G.  Aitken 19,    S3 

Letters  on  Hussey's  measures  of  the  02.    Otto  Struve 13,  240 
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iXx  BLi  Stars  (Continued)  : 

Measurement  of  close.     W.  J.  Huucy 14,  138 

New.    5.  W.  Bumham  1.    36 

/:    E.  Barnard  1.    fi 

C.  D.  PtrHnr  11.  45;   12.  129 

/?.  C.  Aitktn  11.  128,  161;   12.  127; 

13.  161;  IS.  165,  242;  16.  119,  217;  19.  207;  22,  95;  23,  238 

ir.  /.  Hussey 12,  199;  13,  157.  241;  14,  140;  16.  270 

R.  Jonckkeere   24,    90 

New  companions  to  known.    R.  G.  Ait  ken 13,  243, 

14«  25.  166;  IS.  22,  221;  16.  268;  17,  112,  131,  192;  18,  227,  251 

New  observations  of  the  02.    IV.  /.  Hussey 10.  180 

N<  te  on  the  number  of  optical  pairs  among,  whose  angular 

separation  is  5*  or  less.    R.  G.  Aitken 24,  126 

Observations  of  194.    R.  G.  Aitken  14,    25 

On.     R.  G   Aitken  16.  235 

Orbit*  of   visual.    R.  G.  Aitken  17,  187 

Relation    between    the    separation    and    number    of    visual. 

R.  (;.  Aitken   22.    94 

Some  interesting.    R,  G.  Aitken 10,  38 ;  IS,  217 

Table  of  binary  stars  with  relative  colors  and  magnitudes 2,  no 

Three  new  rapid  binaries.    R.  G.  Aitken  18.  227 

T»'o  interesting,  in  Cetus.    R.  G.  Aitken 17,    26 

See-,  also.  SpECTiK)stx)Pic  Binary  Stars. 

DtiMNG-Cixx'K,  Note  on  a  man-power  2S.  31 1 

Dry  Pl^te,  Change  in  the  latent  image  of  an  exposed.     C.  D. 

Perrine   7,    76 

Div-Platfs.  Change  of  sensitiveness  in.     W.  IV.  Campbell S.  182 

Latent  image  of  exposed.     \V.  /.  Hussey 7,  102 

S^,  also.  PHOTotnupHic 

Di  tcHMi'STFRiNc,  The  Cape  photographic  8.  272;  9.  105 

The  Cordoba.    R.  H.  Tucker S.  162.  222 

The  magnitude  scale  of  the.    R.  H.  Tucker 2S.    67 

OvirR,  Alwecht,  Contributions  of.  to  astronomy  2,  I9»  I33 

E^rrnyrAKE,  Artitidal  of  January  31.  1891.    E.  S.  Holden 3.  132 

intenMty,  Rossi-Forel  scale  of  7,  123 ;  18,  219 

Mexican,  of  January    19.   1900.  observed  at   Mt.   Hamilton. 

/.   E.  Keeler   12.    y; 

observations.     £.  5".  Holden   2.    73 

of  November   (October  6?)    171 1.     £.  5".  Holden 6.    45 

of  Jannary  17,  1897.  at  Oakland.    A,  H,  Babcock  9,    45 

of  Jane  20.  1897,  at  Oakland.    A.  H.  Babcock 9.  13S 

of  June  JO,  1897-    'V.  C.  Lillis 9,  13S 
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Earthquake  (Continued)  : 

of  April  i8,  1906.    W.  W,  Campbell IS,  213 

of  August  16,  1906,  Note  on  the  Chile.    W.  W,  Campbell 18,  313 

The  California,  at  Ukiah  [April  18,  1906].    5".  D,  Townley 18,  217 

Latitude  of  Ukiah  before  and  after  the,  of  April  18,  1906. 

5".  D.  Townley 18,  241 

Lick  Observatory  seismograph  record  of  the,  of  April  18,  1906. 

/.  D.  Maddrill 18,  212 

of  July  I,  191 1.    R.   G.   Aitken    23,  200 

of  July  I,  1911.    C.  C.  Kiess 23,  198 

predictions,  Note  on  24,  289 

shock,  Slight,  May  7,  1894.    R-  H.  Tucker 6,  184 

shock  felt  at  sea  off  Cape  Mendocino.    E.  S.  Holden 7,  131 

Slight.    R,  H.  Tucker  7,    77 

Earthquakes,  and  mountain  formation.  Cause  of.    T,  J,  J.  See. 19,    46 
California,  and  their  relation  to  eclipses  of  Sun  and  Moon.... 2,  134 

in  California  in  1889.    /.  E.  Keeler 2,    74 

in  1890.    /.  E.  Keeler  3.  247 

in  1891  and  1892.    C  D.  Perrine 5,  127 

in  1893.    C  D.  Perrine   6,    41 

in  1894.    C.  D.  Perrine   7,    99 

in  1895.    C.  D.  Perrine  8,  222 

in  1896.    C.  D.  Perrine  9,    37 

in  1897.    C.  D.  Perrine  10,    64 

in  1898.    C.  D,  Perrine  11,    78 

in  California,  Lists  of   6,  135 

observations.     E.  S.  Holden  2,    73 

observations  of  distant.     F.  Omori  18,  193 

on  Pacific  Coast,  Reported.    F.  G.  Plummer 8,    78 

on  Pacific  Coast,  1769- 1897,  List  of  recorded.    E.  S.  Holden.. 9,  238 
On  seismic  motion  and  some  relation  of,  to  other  phenomena. 

F.   Omori    18,235 

See,  also,  Seismographs,  and  Seism(hx«ical. 

Eclipse  Expedition  : 

American,  to  Africa,  December  21.  1889.    E.  S.  Holden 1,  125 

Lick  Observatory,  of  January,   1889,  December,  1889,  April. 

1893.    E.  S.  Holden  4,  153;  6,  245 

of  1893,  Note  on.    E.  S.  Holden 5,    55 

French,  to  Senegal,  1893.     IV.  IV.  Campbell 5.  180 

Lick  Observatory,  to  Japan,  August,  1896.    E.  S.  Holden 8,    30 

Chabot  Observatory,  of  1898.    Note  on.    A.  H.  Babcock 9.  245 

Chabot  Observatory- Pierson,  to  India,  1898,  General  account 

of  the.    C.  Burckhalter 10,  203 

Chabot-Observatory-Pierson,  Success  of.    /.  M.  Schacberle.. 10,    44 
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EcursE  ExrcDinoN  (Continued) : 

Lkk  Observatory,  to  India,  January,  i8g&    £.  S,  H olden 9,  155 

C  D.  Perrint 9,  244 

n\  W.  Campbell  10,    81 

General  account  of  the,    W,  W.  Campbell 10,  127 

Success  of  the.    /.  A/.  Schaeberle 10,    43 

Ckabot  Observatory-Dolbeer,  May  j8,  igoa    C.  Burckhalter ,  At,    64 
to  St  loam,  Georgia,  May  28,  1900,  Popular  account  of  the. 

C.   Burckhalter   11.  169 

Lkk-Ob«cr\'atory-Crocker,  May  28,  1900.    /.  E,  Keeler 12,    74 

n\  H\  Campbell  and  C.  D.  Perrine 11,  175 

Preliminary  account  of  results  obtained  by  the.     /.  E, 

Keeler 11.  130 

to  Sumatra  ( 1901  ].    W.  W.  Campbell 13.  30,  74?  127 

C.  D.  Perrine   13.  187 

United  States  Naval  Observatory  to  Sumatra,  1901.    H.  D. 

Curtis 13,  205 

Lick  Obser%atory-Crocker.  in  1905.    IV.  W.  Campbell 16.  217 

Personnel  of.     W.  W.  Campbell  17,  102 

Return  of  17,  190 

to  Labrador,  1905.    H,  D.  Curtis 17,  173 

to  Spain,  1905.    ff' .  IV.  Campbell  and  C.  D.  Perrine 18,    13 

to  Egypt,  1905.    ^  /.  Hussey 18,    37 

to  Flint  Island,  1908,    S.  D,  Tawnley 19.  i6i 

ir   ir.  Campbell 19,  239;  «0.    63 

See.  also.  Eclipse  or  the  Sun. 

EcursE  or  THE  Moon  : 

Partial,  of  May  11,  1892.    A.  S.  IVilliams 4.  161 

of  September  4,  1894.    C.  D.  Perrine 6.  290 

of  August  22,  1896.    A.  H.  Babcock 8.  255 

C.  D,  Perrine   8.260 

Total  of  January  28,  1888.    L.  H'einek 4.    95 

of  March  la  1895-    /?   H.  Tucker 7.  no 

C.  D.  Perrine   7.  no 

A.  L.  Colton   7.  n2 

of  September  3,  1895.    R.  H.  Tucker 7.  288 

C   />.   Perrine    7.289 

/?.  G.  Aitken  7.291 

H\   ir    Campbell   7.  292 

/.    \f,   Schaeberle    7.  287 

of  Octt>ber  16.  1002.    Rose  O'Hailoran 14.  188 

S.  D.  Townley 14.  19^ 

EtiirsE  or  THE  Si's: 

AnnuUr.  October  9.  1893.     IV.  IV.  Campbell  5.  185 

O.  £.  Harmon  S.  15^ 
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Eclipse  of  the  Sun  (Continued)  ; 

Reports  of  observations  5,  201 

Partial  of  June  6,  1891.    O.  E.  Harmon 3,  175 

Observations  of.    W.  C.  Parmley 3,  2S2 

Observations  of,  at  Chabot  Observatory.    C.  Burckhalter .  .Z,  241 

at  Lick  Observatory 3,  241 

at  Reno,  Nev.    C  W,  Irish 3,  242 

Predictions  relating  to.    /.  M.  Schaeberle 3,  67,    74 

of  October  20,  1892.    O.  E.  Harmon  4,  >^ 

of  July  29,  1897.    D.  £.  Hodden 9,  188 

Observations  of.    R.  G.  Aitken 9,  195 

Prediction  for.    C.  D.  Perrine  9,    85 

of  June  28,  1908.    W.  W.  Campbell  and  C.  D.  Perrine 20,  233 

Total  of  January  and  of  December,  1889 2,  134 

of  December  21,  1889.    £.  S.  Holden  2,  32,    93 

of  April,  1893.    £.  5".  Holden 4,  153,  186,  267 ;  5.  1 1 4 

of  August  9,  1896.    W,  W.  Campbell 5,  181 

A.  Rydsewski  8,  297 

in  Japan.    E.  S.  Holden 8,  244 

on  Island  of  Yezo,  Cloud  observations  with  reference 

to.     W.  IV.  Campbell  6,  218 

Russian   program    8,  191 

of  January  22,  1898,  English  preparations.    E.  IV.  Maunder. 9,  131 
in  India,  Mr.  Maunders  report  on  the  British  Astro- 
nomical Association  Expedition  to.    S.  D.  Tozcnley. II,  262 

of  January  21-22,  1898,  in  India.    A.  Burton-Brown 9.  189 

Photograph  of  10,  113 

of  May  28,  1900,  Notes  on  observations  of 12,  135,  209 

Probable  state  of  sky  along  path  of 10,  35;  11»  50,  261 

Some  computations  relative  to.    S.  C.  Phipps 13,    67 

of  September  9,  1904.    W.  IV.  Campbell 16.  266 

of  August  29-30,  1905.    R.  G.  Aitken 17,  159 

of  January  3,  1908.    IV.  W.  Campbell 20,    33 

Plans  for  observing.    W.  IV.  Campbell 19,  167 

of  May  8,  1910  21.    42 

of  April  17,  1912 24,  176 

Shadow  bands  at  observations  of 13,  178 

of  August  30,  1905,  Observations  of.    IV.  W.  Campbell. \B,  131 
See,  also,  Eclipse  Expeditions,  Corona  and  Solar  Corona. 

Eclipses  of  the  Sun,  Coming  total.    IV.  IV.  Campbell 18,    81 

Total.    M.  Roso  de  Luna  18,     53 

Ecliptic  Charts,  Indexes  to   2,  125 

Electric-Cell  photometer,  The.  \V.  JV.  Campbell 25,  275 
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KrHiMFKiiiKS  of  comets,  etc.,  Request  to  astronomers  regarding. 

E    S.    Holden    S,    27 

E'jL  \Tt«iAL  mountings  (American)  on  sale  in  Berlin.     (Note.) 

E    S.  Holden  1.  78 

tclrsc*>pe.  Adjusting  the  polar  axis  of  an.    C.  D,  Pcrrine 24,  175 

Fla'^y  method  for  adjusting  an.     Roger  S Prague S,  70 

New  and  simple  form  of  electric  control  for.    /.  E.  Keeler...2,  3 

for  sale.  Eight-inch   S,  241 

H*»w  to  find  celestial  objects  with  an,  without  a  sidereal  time- 
piece,    C   Rurckhalter   4,  66 

EJit»  compari'^on  stars.    B.  L,  Xewkirk IS,  317 

coniparis4>n  'Star?.  and  the  magnitude  equation 19,  171 

Cro^^ley  reflector  photographs  of.     IV.  H\  Campbell IS,  144 

Measures  and  reductions  of  Crossley  reflector  photographs  of. 

C.  D.  Pernne  18,  226;  20,  184 

Probable  error  of  micrometer  measures  of.    /?.  G.  Aitken 13,    73 

reference  stars,  Xormal  places  of.     E.  Smith 17,  27 

Variation  in  light  of 13,  84,  131,  177;  20,  244 

See,  al<o.  Solar  Parallax. 

IJtM  \T\  2.  140,  195.  308,  326;  3,  69,  112,  379;  4,  86, 

27-2.  ^4;  5.  ^35:  6,  138,  294*  303:  7,  77.  23i»  35© ;  S,  90,  261, 

9.  47.  90;  10.  87,  124,  253;  17.  131;  IS,  86,  274,  314;  25,  81,  266 

K\i'U»iTioN  to  Mt  Wilson,  The  Carnegie- Yerkes 16,  226 

to  Mt.  Wilson,  The  Smithsonian.    G.  E.  Hale 17,  108;  IS,  229 

t«>  the  Southern  Hemisphere.  Harvard  College  Observatory.  .3,  128 
Sec.  also.  Astronomical  Expedition. 

F\i»,  Cahfomia  Midwinter.    E.  S.  Holden 5.  226 

Fau.inc  Stars,  bolides  and  aerolites.     (Abstract.)     /.  A/.  T^bar.3,  345 

Fi*fB\LL,  Bright.     C.  D.  Perrine  9.    90 

in  Raphael's  Madonna  de  Foligno.    H.  A.  Xeivton 3.    91 

t»f  Fcbniary  i,  1894.    C.  D.  Perrine 6,  116 

of  February  i.  1894.    H.  A,  Sewton  6.  119 

Sec.  a  1*0.  Meteors  and  Aerolites. 

Fixed  Stars.  Temperature  on  the  surface  of  the.    /.  Scheiner 6,  172 

See.  al«o.  Stars. 

FL^^H  Spea-trcm.    S.  A.  Mitchell 14,    7$ 

Fi'HiixL     See  under  Sim. 

r"«M«.v  Correspondents  of  the  Astronomical  Society  of  the 
Pacitic  and  of  the  Lick  Observatory,  Memorandum  to. 
E    S.  Holden   6,  123 

V'*\K  mlt'.n  pendtilum  experiment.  Repetition  of.    7.  Kohl. 4,  133;  7»  279 
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Functions  of  a  real  variable.  On  the  criterion  of  continuity  of, 

and  on  the  theorem  of  mean  value.    /.  Stringham 2,  lOO 

Fundamental  Stars,  International  catalog^ue  of  9,  io6 

Galilei,  Abjuratio  9,    30 

Gas  in  the  Earth's  atmosphere.  Discovery  of  a  new.     fV,  W, 

Campbell 7,    6i 

a  new  10,  251 

Gases  in  the  Earth's  atmosphere.  New 10,  191 

Gbgenschein,  Note  on  the.    H.  D,  Curtis 25,  260 

General  Notes,  Edited  by  S.  D.  Townley,  [Continued  under 
various  editors  in  nearly  every  subsequent  issue.  Only  a 
few  of  the  most  important  items  are  separately  indexed.]. .11,  166 

Gill,  Sir  David,  President's  address  in  awarding  Bruce  medal  to. 

G,   C.  Pardee   12,    49 

Glacial  'Epoch,  When  shall  we  have  another?    G.  P.  Serviss 4,    15 

Globular  Clusters,  A  division  of  the  stars  in  some,  according  to 

magnitudes.    C.  D.  Perrine 16,  263 

Gravitation,  The  cause  of.    V.  Wellman  9,  190 

Force  of,  An  account  of  an  experiment  made  to  determine 

whether  it  varies  with  temperature.    A.  E.  Kennelly 3,  23 

Influence  of,  on  light.    H.  D.  Curtis 2S,  77 

Gravity  at  different  points  of  the  Earth's  surface,  Variation  of 

the  intensity  of.    IV.  W.  Campbell 6,    58 

at  Mt.  Hamilton  and  San  Francisco,  Force  of.    E.  S.  Holden..!,  125 
at  the  surface  of  the  Earth,  Force  of 14,  142 

Habitability  of  planets:     See  Life  and  Planets. 

Harvard  University,  New  astronomical  station  for 6,  122 

See,  also,  Arequipa. 

Head  of  Southern  Observatory  20,    47 

Heating  the  atmosphere.    A.  G.  McAdie  23,  253 

Helical  Nebulae,  On  the.    E.  S.  Holden 1,    25 

Heliocentric  theory  and  the  University  of  Cambridge  in  1669.. 9,    43 

Helium  astronomically  considered.    E.  B.  Frost 7,  317 

in  Earth's  atmosphere   10,  249 

Second  chapter  of.    C.  A.  Young  7,  345 

Separation  of.  from  terrestrial  substances  7,  129 

stars  having  bright  lines  in  their  spectra.    P.  IV.  Merrill 24,  181 
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Hill,  G.  W.,  Address  of  president  of  the  Society  in  awarding 

the  Bruce  Medal  to.    C.  Burckhalter 21,    51 

HisTOUCAL  NoTt    W.  W,  Campbell 22,  105 

Hvx^cuts,   Sn  Wm.,  Address  of  president  of  the  Society  in 

awarding  the  Bruce  Medal  to.    Otto  Von  Geldem 16,    49 

HunucAVK  in  an  observatory  and  what  it  did  there 3,  131 

Hyink)ccn  envelope  of  sUr  DM  +  30, 3639.    W,  W.  Campbell. . .  .S,  204 
line*.  New  noution  for.    W.  W.  Campbell «,    60 

HTnxBo-ELumc  functions.    /.  Stringham  2,  177 

Ikdcx  to  Volumes  I  and  II.    E.  S.  Holden 2,  315 

IxDCXES  to  scientific  periodicals,  Note  on.    E.  S.  Holden 2,  118 

to  special  libraries.  Alphabetical.    E.  S.  Holden 5,  no 

to  star  charts   2,  Ii8 

IirnA-RED  photography.    K.  Bums 24,  251 

Iktunational  meetings  of  astronomers  in  Germany  [in  1913]- 

If',  ly,  Campbell  25,  244 

IxmrarNCE  fringes  in  focus  of  telescope,  Visibility  of.    A.  A. 

\fickelson 3,  217 

Measurement  of  Jupiter^s  satellite  by.    A.  A.  Michelson 3,  274 

methods.  Application  of,  to  spectroscopic  measurement.    A.  A, 

Michelson 4,  190 

IxsmTTE  for  research  in  theoretical  astronomy.  Note  on. 25,  313 

IxsTnuMCNTs.  making  in   Allegheny   9,151 

IxTKA-MEacxnuAL  Planet,  Rcsults  of  search  for,  at  eclipses  of 

1901  and  1905.    C.  D.  Ferrine 14.  160;  19,  163 

Ibox  spectrum.  The.    K.  Bums 25,  1 1 1 

jArms.    See  Satv«w. 

Jvrtvat: 

Arequipa  observations  of,  with  addendum  by  E.  S.  Holden. 

»'.  H.  Pickering  5.221 

Aspect  of.  in  1889.    /.  E.  Keeler 2.  286 

Caulogue  of  positive  copies  of  original  negatives  of,  taken 

at  Lick  Observatory  in  1890 4,    39 

Color  of  the  shadows  of  satellites  projected  on  disk  of.    C  D. 

Perrine 15,    77 

Drawings  of,  made  with  26-inch  equatorial  at  Washington  dur- 
ing 1875-    E.  S.  Holden 1.  iii 

Eclipses  of  satellites  of.    J,  D.  Maddrill 15,    67 
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Jupiter  (Continued)  : 

Great  red  spot  on.    W.  F.  Denning 3,  377 

Note  on  the.    £.  S.  Holden 2,    77 

Note  on  the  11,  if^ 

Negatives  of,  made  at  Lick  Observatory,  1890.    E.  5*.  H olden.. Z,    65 

Northern  border  of  equatorial  current  of.    A.  S.  IVilliams.  ..11^  171 

Notes  of  a  preliminary  examination  of  photographs  of,  taken 

at  Lick  Observatory,  1891.    A.  S.  IVilliams 4,  166 

Observation  of  occultations  of,   September  9,   1892.     /.  M. 

Taylor 4,  213 

Observations  of,  and  of  his  satellites  with  36-inch  equatorial 

of  Lick  Observatory,  1888-1890  3,  263 

with    a    five-inch    refractor   during   the   years    1879- 1886. 

E.  E.  Barnard  1,    89 

small  spots  on.    E.  E.  Barnard  2,  247 

Occultation  of.    C.  B.  Hill  1,    32 

September  3,   1889   1.    75 

and  his  satellites,  September  8,  1892.    /.  M.  Schaeherle 4,  198 

Photographs  of.    /.  M.  Schaeherle  9,  173 

the  phenomena  which  accompany  ingress  of  the  shadows 

of  the  satellites  of.    E.  S.  Holden  4,  260 

Possible  explanation  of  dark  transits  of  satellites  of.    /.  E. 

Keeler 2.  294 

Physical  observation  of,  in  1889.    /.  E.  Keeler 2,    15 

Simple  geometrical  explanation  of  certain  apparently  ab- 
normal forms  of  the  shadow  of  a  satellite  during  transit 
across  disc  of.    /.  M.  Schaeherle 5,  156 

Unusual  phenomena  observed  on,  September  29,  1891.    H.  S. 

Hurlhert 3,  380 

Jupiter's  Satellite  I,  Dark  transit  of.    /.  E.  Keeler 2,  294 

Eclipse  of.    L.  Bartlett 14,  201 

S.  Einarsson   18,  140 

III,  Dark  transit  of.    E.  E.  Barnard 2,  292 

Interesting  transit  of.    E.  S.  Martin  7,    39 

Observations  of  dark  transit  of.    /.  Tehhutt  3,  353 

Observations  of  markings  of.    /.  M.  Schaeherle  and  W.  W. 

Camphell 3.  359 

IV,  Black  transit  of.    C.  B.  Hill  2,  244 

Black  transit  of,  August  13,  1890.    E.  E.  Barnard 2,  252 

Eclipse  of.     /.   Tehhutt  7,  218 

Eclipses  of.    C.  B.  Hill  1,  32;  10,    36 

Observations  of  transit  of,  October  2,  1890.    C.  B.  Hill 2,  291 

V,  E.  S.  Holden  4,262;$,    65 

S.  D.  Townley  IS,    94 

Discovery  of.    E.  E.  Barnard  4,  199 
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jL-nTT»'s  SATnxrrc  (Continued)  : 

Discussion  of  Professor  Barnard's  observations  of.    £.  S. 

Holden 5.    54 

Miss  Dobbin  s  orbit  of.    £.  £.  Barnard 17,    35 

S.  D.  TawnUy 16,  223;  17.  116 

VL    C  D.  Perrime 17,    62 

Discovery  of.    C.  D.  Perrine 17,    22 

Observation  of.    S.  Albrecht  17,  130 

Orbit  of.    F,  E.Ross IS,    80 

ReH>bser>*ation  of.    C.  D.  Perrine IS,  271 

Visual  observation  of.    R.  G.  Aitken 17,    23 

Vn.    C.  D.  Perrine 17,    62 

Observations  of.     S.  Albrecht  17,  160 

Orbit  of.    R.  T.  Crawford  IS,  135 

Re-observation  of.    C.  D.  Perrine  IS.  274 

VI  and  VH  at  opposition  1905-1906.    C.  D.  Perrine IS.    78 

Orbits  of.    C.  D.  Perrine 17.  109 

VIII  20,246 

Orbit  of.   /?.  T.  Crawford  and  H'.  F.  Meyer 20,  266 

Recent  observations  of.    C.  D.  Perrine 20,  184 

Jipim's  Satelutfs.    /.  .V.  Schaeberle 5,  181 

Dark  transits  of.    /.  Tebbutt 3.  221 

Eclipses  of.    /.  D.  Sfaddrill IS.    67 

Explanation  of  dark  transits  of.    £.  S.  Holden 2,  296 

Forms  of.    /.  M.  Schaeberle  and  W.  W,  Campbell 3.  355 

Forms  of  the  disks  of.    /.  M.  Schaeberle 6,  157 

Measurement  of.  by  interference.    A,  A.  Michelson 3.  274 

Physical  observations  of.  in  transit     /.   Tebbutt 5,    40 

Recent  observations  of.    £.  S.  Holden  6,  137 

Kaptivx.   J.   C,    President's   address   in  awarding  the   Bruce 

Medal  to   25.     15 

Kifini.  }\Hfs  E-    W.  H\  Campbell 12.  139 

Memorial  to  22.  189 

KoiDt's  MraiDiAN  CiRCXE,  Description  of  12,  167 

Kfl\in.  Lord.  Biographical  sketch.    H.  C.  Plummer 20,     13 

Kin«     £.  S.  Holden  S.  279 

A  glimpse  of 10,  I55 

KitKvinoo,  Daniix,  a  life  of 13.  140 

Latitt  lit  level.    Method   for  determining  value  of  an  average 

•pace  of  a,  in  terms  of  a  micrometer  run.    F.  Schlesinger.XX    13 
On  variations  of  short  period  in  the.    Lord  Kehin 4,  33 ;  S,    43 
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Latitude  (Continued)  : 

stations,  Note  on  new.    S,  D.  Townley 17,  164 

variation   at   Lick   Observatory   in   1893   and    1894.     ^.   H. 

Tucker 7,    64 

See,  also,  Variation  of  Latitude. 

LATiTin)ES,  of  Berlin,  Potsdam,  Prague  and  Strasburg,  Varia- 
tions in  the.    £.  S.  Holden 2,  135 

Least  Squares,  Some  common  inaccuracies  in  the  application  of 

the  method  of.    F.  Schlesinger 15,  224 

Lenses,  Who  discovered  the  optical  properties  of.    H.  G,  Hanks 

and  E.  S.  Holden  3,  133 

/.  L.  E.  Dreyer  and  G,  V,  Schiaparelli 3,  239 

Leonids:    See  Meteors. 

Lick,  James,  Centenary  of  birth  of.    E.  5".  Holden 8,  244 

Portrait  of   6,  290 

Portrait  medallion  of   8,  228 

Lick  Observatory: 

Accommodation  for  visitors  at.    E.  S.  Holden 1,    T7 

Additions  to  reservation  of.    W.  W.  Campbell 17,    31 

Announcement  concerning  astronomical  photographs.    W,  W. 

Campbell 14,  135 

Appropriation  for  the.    W.  W.  Campbell 28,  169 

Astronomical  photography  at  the.    E.  S.  Holden 2,  152 

Astronomical  telegrams  received  and  sent  by  the 

8.  188,  236,  261,  262,  331,  332;  »,  47,  155.  246; 

10,  yjy  86,  160,  197,  250;  11,  56,  88,  129,  258;  12,  76,  131. 

205;  13,  37,  78,  128.  172,  244;  14,  61,  113,  168;  18.  28,  88;  21,  212 
Award  to,  at  Paris  Exposition  2,  125 

at  St.  Louis  Exposition 17,    64 

Bruce  photometers  of.    R.  G.  Aitken  9,  184 

Bulletin,  The.    W.  W.  Campbell 13,  126 

Clear  days  and  rainfall  at,  in  May  and  June,  1888- 1894.    C.  D. 

Perrine 8,  183 

Collection  of  portraits  of  astronomers  at.    E.  S.  Holden., 

8,  91 ;  9,  95.  204 

Congressional  grant  of  additional  land  for  use  of.     E.  S. 

Holden 4,    83 

Correction  of  time  signals,  September  3  and  4,  1892 4,  195 

Crossley  reflector: 

E,  S.  Holden  7,  197 

/.  £.  Keeler 12,  146 

Acceptance  of  the,  by  the  Regents  of  the  University  of 

California 7,  200 
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Lkk  OR>uvAT()itY  (Continued): 

AiTi\'al  of  the.    £.  S.  Holden 7,  231,  284 

Changes  in  the  mounting  of  the.    H.D.Curtis 22,    40 

Completion  of  brick- work  for  dome  of.    £.  S.  Holden..!,  205 

Comer-stone  of  dome  of.    E.  S.  Holden  7,  227 

Cost  of  dome  of.    E.  S.  Holden S,  267 

Data  relating  to  the  site  of.    E.  S.  Holden  7,  202 

Improvements.    H.  D.  Curtis 28,  265 

Improvements  to  the.    PV.  W.  Campbell 19,  243 

Mirror  placed  in  position.    W.  J.  Hussey S,  236 

New  mounting  for  the.    C.  D.  Perrine 16,  266 

Photographic  efficiency  of  the.    /.  E.  Keeler 11,  199 

Progress  of  work  on  dome  for  the.    E.  S.  Holden  S,  lOO 

Publication  of  photographs  of  nebulae  and  star  clusters 

(taken  with  the].    W.  W.  Campbell 1«.  219 

Trial  of  the.    £.  S.  Holden  9,  159 

Use  of.  for  photographic  measurements  of  position.    /.  E. 

Keelrr 12,    73 

D.  O.  Mills  Expedition  of  the.    See  Mnxs  Expedition  to 
the  southern  hemisphere. 

Distances  between  the,  and  San  Jose.    A,  H.  Babcock 8,  266 

Distinguished  visitors  to  the.    IV.  W.  Campbell IS,  269 

Duplicates  in  library  of.    E.  S.  Holden 3,  142;  4,  45,  269 

Early  history  of.    E.  S.  Holden  4,  139 

Electric  illumination  of  micrometers  at.    IV.  J.  Hussey 10,  113 

Electric   lighting,  power,  and  pumping  plant   for.     H\   IV. 

Campbell 17,    57 

E]c\*atton  of  the,  above  sea  6,    61 

Exhibit  of  the,  at  the  World's  Fair  in  Chicago.    E.  S.  Holden. 4,  153 

Felk>wships  at  the  10,  158 

founding  of  the.  Memorandum  on  the.    E.  S.  Holden 4,  141 

Gift  to  the.    £.  5.  Holden  

«.  128,260,  307;  3,  377;  4,  30.  46;  7,  339;  8,  243,  260 

If'.  H\  Campbell 13,  35;  14,  135;  IS,  160;  17,  loi 

Grant  to  the.  from  the  Carnegie  Institute.    IV.  W.  Campbell  AS,    27 
from   the   Elizabeth  Thompson   Science   Fund.    £.   S. 

Holden 3.  257 

from  the  Smithsonian  Institution.    £.  S.  Holden  3,  128 

Greetings  to  the,  from  the  Astronomischc  Gesellschaft 8,  328 

How  to  obtain  copies  of  photographs  taken  at  the.    £.  S. 

Holden  2,138 

instrument -making  shops.  The.    IV.  IV.  Campbell 14,  164 

Inventory  of  buildings  and  equipment*  June  30,  1897.    £.  S. 

Holden 9,  201 

Investigation  of  Rumford  photometer  of  the.  /.  D.  Maddrill. 17,  121 
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Lick  Observatory  (Continued)  : 

Large  reflector  for  the   (See  Crossley  reflector  of).     E.  S. 

Holden 7,  128 

Latitude  of  the.    R.  H.  Tucker 9,  101 

Latitude   work  with   the   Fauth    transit-instrument.     H,   D. 

Curtis 10,     67 

levels,  Distances  below  the  marble  floor.    IV.  IV.  Campbell...!,  20s 

Library  accessions 2,     21 

Cost  of  the,  1875-1897.    E.  S.  Holden 9,  201 

Statistics  of  the.    R.  G.  Aitken  9,  150 

Life  at  the.    £,  S.  Holden  2,     52 

List  of  writings  of  the  astronomers  at,  from  June  i,  1888,  to 

July  I,  1889   1,     38 

Longitude  of  the   2,     76 

Martin  Kellogg  Fellow,  Appointment  of  the  first 23,   199 

Fellowships.     W.  IV.  Campbell  23,  56,  270 

Meridian  Circle   (The  Repsold)  : 

Changes  in  corrections  after  adjustment.    R.  H.  Tucker...!,     66 

Constants  of.    A.  O.  Leuschner  2,  194 

Determination  of  errors  of.    R.  H.  Tucker  6,     63 

Division  errors  of.    R.  H.  Tucker  7,  330 ;  8,  270 

In  January.    R.  H.  Tucker  * 7,     68 

Levels  of  the.    R.  H.  Tucker 6,  141 

Miscellaneous  stars  observed  with.    E.  S.  Holden 2,  306 

Observations,  July  1893,  to  July,  1894.    R-  H-  Tucker.  .6,  139,  239 

1894-1895.    R.  H.  Tucker 7,  204,  206 

Observing  list  for.    R.  H.  Tucker 6,  293 

Preliminary    determination    of    eccentricity   iofj     /?.    H. 

Tucker 5,  229 

Meridian  observations  of  stars.  Program  for.    E.  S.  Holden.. 2,     27 

Meteorite,  Gift  of.     W.  W.  Campbell 22.  189 

Missing  maps  of  Argelander*s  Durchmusterung  wanted... 6,  47,  115 

Moon-atlas.    E.  S.  Holden 9,  202 

Memorandum  on  a  proposed.    E.  S.  Holden 8,  187 

Moving  floor  of  the  75-foot  dome.  Experiments  with.   E.  S. 

Holden 9,  148 

New   break-circuit    attachment   for    Hohwu    sidereal    clock. 

No.  8.    R.  H.  Tucker 7,  225 

New  instruments  for  the  2,  128 

Notice  to  correspondents  of  the.    E.  S.  Holden 7,  230 

Notices  from  the,  [Continued  in  every  subsequent  number  to 

No.  100.    The  items  are  separately  indexed] 1,    33 

Permanent  improvements  at  the.    E.  S.  Holden 3,  287 

Personal  notes    (appointments,  honors,  promotions,  resigna- 
tions, etc.)   3,  251,  283,  287 ;  4,  156, 

184.  187;  5,  48,  54,  no,  133;  6,  49,  I34,  176,  303;  7,  203, 
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Livk  OBSEsvATotY  (Continued)  : 

205.  228;  8,  100,  197,  244,  329;  •.  44.  151.  160,  203;  10. 
40.  85.  "04.  113.  1^3.  158;  11,  134,  165;  12.  204,  205,  206; 
13,  28,  77.  136;  14.  112.  140;  IS.  160.  206;  16.  32.  119; 
17.  107.  108;  18.  85.  87.  142,  228.  229,  253;  19.  SZ.  89.  168, 
245;  20.  47.  -MO.  294;  21.  86;  22.  lOo;  23.  242;  24.  167;  28.  166 

Ph<>it>graphs  of  the  Moon.     E.  S.  Holdcn  1.  125 

of  the  ob*»crvatory    2.  20 

P  ibhcations  of  the.     \V.  W.  Campbell 19.  241 

Circulation  of  the    2.    21 

Volumes  II  and  III.    £.  S.  Holden 6.  115 

Volume  IV.    /.  £.  Kecler 12,  129 

Volume  V.     n\  IV.  Campbell  13.  242 

Volume  VI    ( Note  on)    IS,  223 

Volume  VIII.    \\\\y.  Campbell 21.  ^7 

See.  also.  RmEws. 

Relief  map  of  reservation  of  the.    E.  S.  Holden 9.  40 

Restffnati<m  of  Professor  E.  S.  Holden  as  Director  of  the 9.  235 

Riefler  clock  of.    R.  F.  Sanford  20,  29 

Rierter  clock.  The.    R.  H.  Tucker 28.  169 

Scientitic  visitors  to  the 2.  194 ;  3.  56.  254, 

282.  296.  379;  4.  155.  266;  8,  176.  177.  219;  8.  328;  13.  77.  172 
Set^mological  instrument.  A  modem,  at  the.     H\  W.  Camp- 
bell   22.  195 

Standard  clocks.  Rates  of  the.    R.  H.  Tucker 28,  291 

Station  in  Chile.  Illustrations  of.    /.  M.  Schaeberle 6.  290 

Steam  heating  in  the.    £.  S.  Holden  6.  134 

Summary  of  rainfall  and  temperature  observed  at  the.  from 

September.  1883,  to  November.  1893.     C  D,  Perrine 6,  47 

Thermometric  chronometer  of  the.    A.  O.  Leuschner 3.  177 

Thirty -six-inch  refractor: 

.Vdditions  to  the.     £.  S.  Holden 3.  144 

Chromatic  aberration  of  the.    /.  E.  Kecler 2,  160 

Driving  clock  of  the.     IV.  \V,  Campbell  8.  179 

Efficiency  of  the.    /.  £.  Keeler 2.  25 

Loss  of  light  by  absorption  and  reflection  in  the.    /.  H. 

Moore 18,  202 

\ew  photographic  spectroscope  for  the.    £.  S.  Holden 8,  108 

Some  photographic  experiments  with  the.    £.  S.  Holden... 2^  256 

Subility  of  the  1.  123;  4.  183;  8,  219;  9,  147;  IS*  224 

Steel  engraxing  of  the   (with  note  by  Publication  Com- 
mittee)   4.  ^2 

Val'ie  of  revolution  of  micrometer  screw  of  the.     .V.  li\ 

Bumham  2.  iq6 

Views  of  the  eye-end  of  the  (with  note  by  £.  5.  Holden) .  .8.  238 

I'mxefMty  fellowships  in  the  23.  271 
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Lick  Observatory  (Continued)  : 

Views  of  the.    £.  S.  Holden 7,  227 

Visitors  to  the  5,  186;  6,  138,  176,  287;  15,  245 

Weather  in  Augfust,  1896.    R.  G.  Aitken  8,  272 

Work  of  the,  1888-1897.    E,  S,  Holden  9,  196 

Works  issued  by  the   5,    50 

See,  also,  Mount  Hamilton,  and  OBSERVATwaES,  Repcmits  of. 

Life  in  other  worlds.    H.  C.  IVilson 23,  109 

in  our  planetary  system  outside  of  the  Earth,  Can  organized, 

exist?     C.  A.  Stetefeldt  6,    91 

See,  also,  Mars  and  Planets. 

Light  absorption  as  determining  factor  in  the  selection  of  the 
objective  of  the  great  refractor  of  the  Potsdam  Ob- 
servatory   9,    98 

Influence  of  gravitation  on.    H.  D.  Curtis 25»    77 

Loss  of,  by  absorption  in  the  36-inch  objective.    /.  H.  Moore. IS,  202 

Loss  of,  by  diffraction  at  a  narrow  slit    /.  H.  Moore 16,  203 

of  short  wave-length,  Photography  of  6,    66 

Lightning,   Spectrum  of    6,  133 

Logarithmic  Tables,  Corrections  to  Hussey's.    W,.  J.  Hussey..,S,  299 
Erratum  in  Hussey's.    R.  H.  Tucker 7,  64,  123 

Longitude  between  Lick  Observatory  and  Mare  Island  Observa- 
tory, Difference  of.    R.  F.  Sanford 20,  238 

Net  of  the  United  States,  Telegraphic 9,  242 

Luminous  appearances  in  the  sky.  Some.    fV,  H.  S.  Monck 9,    33 

Lunar  crater  and  rill,  Hyginus.    E.  S.  Holden 2,    14 

crater  Copernicus,    E.  S.  Holden 4,  114 

eclipses  and  some  similar  phenomena.     fV,  H,  S.  Monck 6,  254 

elements  2,    78 

fog  bow.  S.  D,  Toivnley 17,    32 

formations,  Mr.  Ranyard  on  the  origin  of.    E.  5".  Holden 5,  176 

halo,  Unusual.     Kate  Cunes   9,  I95 

landscape,  A.    /.  M.  Schaeberle  and  C  D.  Perrine 10,    81 

photographs.  Enlargements  of,  by  Professor  W.  Prinz,    E.  S. 

Holden 6,  296 

photographs  taken  at  the  Lick  Observatory,  Enlarged  draw- 
ings from,  by  L.  IVeinek,  with  note  by  E.  S.  Holden 3,  333 

rill   in  the  valley  of  the  Alps,  Observations  of  a.     C.  D. 

Perrine 16.  264 

work  for  amateurs.     T.  G.  Elger  3,  162 

See,  also,  Moon. 
Magnetic  disturbances  on  the  Earth,  Connection  between  solar 

activity  and.    E.  W,  Maunder 6,  125 
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MACifcnc  (GMitiiraed): 

field  of  the  Sun,  Preliminary  note  on  an  attempt  to  detect 

the.    G.  £.  Halt 2$,    a8 

itorms  on  the  Earth,  On  the  question  of  the  influence  of  the 
Sun  upon.    Lord  Kelvin S,    44 

llACNiTinHL  comparison.  Charts  of  faint  sUrs  for.    R.  H.  Tucker, 

•; 5,  302;  6,  277;  S.  95 

equation  and  zenith  correction  in  meridian>circle  observa- 
tions.   /?.  //.  Tucker 24,  75 

scale  of  the  DttTcAmMlmifi^.    R,  H.  Tucker 25,  67 

Mais.     R.  S.  Ball  S,    23 

and  Saturn,  conjunction  of  September  ao,  1889.  W.  E.  Downs, I,  71 
and  Saturn,  Near  approach  of  September  19,  1889.     £.  E. 

Barnard 1,    83 

Arcquipa  observations  of.    IV,  H,  Pickering,  with  addendum 

by  £.  S,  Holden «,  225 

Bright  projections  at  terminator  of.    E,  S,  Holden 6,  285,  303 

Brightness  of  the  satellites  of.    R,  G,  Aitken 11.  258 

Can  organic  life  exist  in  the  solar  system  but  on  the  planet? 

C  Flammorion   6,  214 

Canals  of.    /.  Orr  7,  122 

Chemical  constitution  of  atmosphere  of.    H.  H.  Bates •,  300 

Qimate  of.    Af.  Manson  7,    53 

Concerning  atmosphere  on.    IV .  W,  Campbell 6,  273 

Distribution  of  land  and  water  on.    G,  V,  Schiaparelli 5,  169 

Drawings  of.    W,  W.  Campbell «,  171 ;  7.    69 

Drawing  of.  1894.    E,  S,  Holden  7.  130 

Effect   of  parallax  on  the  phenomena  of  the   satellites  of. 

n\  J,  Hussey  4.  163 

Expbnation  of  bright  projections  on  the  terminator  of.    JV. 

IV.   Campbell  «.  103 

Irregular  waning  of  south  polar  cap  of.     IV.  W.  Campbell 7,    40 

1$  it  inhabited?    C.  A.   Young  8,  306 

Is  it's  axial  velocity  changing?    A.  M.  Mattoon 11.    13 

Latest  news  from.    £.  £.  Hale  7,  116 

Letter  from  C.  Flammorion  on  bright  projections  on  ter- 
minator of    6,  289 

Lick  Ob«ervatory  drawing  of,  1892.    £.  S,  Holden 5,  133 

photographs  of.     W,  W.  Campbell  «,  I39 

Mehing  of  the  pobr  cap  of.     W.  W.  Campbell 7.  292 

Mr.  Brett  on  the  physical  condition  of.    £.  S.  Holden 2,    17 

Mr    Lowell  on   S.  272 

Mr.  Lowell's  theory  of.    C.  A.  Young  7,  294 

Note  on  the  opposition  of   (1890).     £.  S,  Holden,  J,  M. 

Schaeberle  and  /.  £.  Keeler 1.  399 
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Mars  (Continued)  : 

Observations  of  occultation  of,  at  Mt.  Hamilton,  September 

3,  1892.     Various  observers  4,  194 

Observations  of  occultation  of,  September  3,   1892.     /.  M. 

Taylor » ' 4,  213 

Occultation  of,  by  the  Moon,  April  8,  1890 2,  130 

Preliminary  note  of  observations  of  the  surface  features  of, 

during  the  opposition  of  1892.    /.  M.  Schaeberle 4,  196 

Probable  revolution  of  the  orbit  of  the  inner  satellite  of. 

W.  W.  Campbell 6,  270 

Recent  observations  of  the  spectrum  of.     W.  W.  Campbell..  .9,  109 

Remarks  on  the  surface  markings  of.    /.  M.  Schaeberle 5,  170 

Review  of  recent  observations  of.    R.  G.  Aitken 22,    78 

Satellites  of,  1890.    E.  S.  H olden  and  /.  M.  Schaeberle 3,    46 

Schiaparelli's    observations    of    bright    spots    on.      W,    W. 

Campbell 6,  141 

Spectrum  of.     W.  W.  Campbell  6,  228;  21,  201 

as  photographed  with  high  dispersion.     W.  W.  Campbell 

and  S.  Albrecht 22,    87 

Variations  of  the  surface  of.    E.  S.  H olden 1,  122 

White   spots  on  the  terminator  of.     E.  S.  Holden,  J.  M. 

Schaeberle  and  /.  E.  Keeler 2,  248 

Mechanical  theory  of  the  corona.    /.  M.  Schaeberle 2,    68 

Some  physical  phenomena  involved  in  the.    /.  M.  Schaeberle. Z,    70 

Medieval  guess  at  origin  of  things,  A  7,  344 

Memorial  to  the  late  Father  Perry,  Subscriptions  to  the 3,  222 

Mercury  : 

Announcement  of  the  discovery  of  the  rotation  period  of,  by 

M.  Schiaparelli.    E.  S.  Holden  2,    79 

Mr.  Loweirs  observations  of.    E.  S.  Holden 9,    92 

Observations  of  contacts,  diameter  and  position  of,  at  transit 

of  May  9,  1891.    E.  E.  Barnard  3,  230 

Observations  of  the  transit  of.  May  9,  1891.     Various  Ob- 

scnrers 3,  223,  225.  234-239 

Observations  of  the  transit  of,  November  9,  1894.     Various 

Observers 6,  271,  272.  297 ;  7,    38 

Photographs   of,  in   daylight.     E.  S.  Holden  and   W.   W. 

Campbell 2,  249 

Predictions   for   the   transit   of  November  9,    1894.     O.   E. 

Harmon    6,  220 

Roger  Sprague    6,  258 

Predictions  relating  to  the  transit  of,   May  9.  1891. 

/.  M.  Schaeberle   3,    67 
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M»Jh  nv  ( Continaed)  : 

Report  on  visual  and  photographic  observations  of  the  transit 

of,  at  Mt.  Hamilton,  May  9,  1891.    /.  M.  Schaeherle 3,  227 

ViMbility  of,  during  transit.    E.  E.  Barnard  3,  233 

MaiMAN  circle  for  sale  8,  241 

circle.  Description  of  Professor  Keeler's  12,  167 

See.  also,  under  Ljck  Obsekvatory. 
F^tahlishment  of  a  standard,  for  Santa  Gara  County,  Cali- 
fornia.   /.  £.  Keeler  1,    65 

MFTTI4U  Bright  or  brilliant,  sporadic,  observed  2,  16,  304;  3, 
144.  370;  4.  Z7*  8^.  I3< ;  ».  47,  109.  185,  220;  6,  47;  7,  120, 
131.  201,  202,  203.  204,  228,  229,  230;  8,  85,  86,  196,  242,  244, 
25a  267,  324;  9,  44.  91,  146;  10,  79,  156;  12,  132;  21,  161,  262 

t»h<er>ed  in  daylight   3,  41 ;  8,  324;  10,  41,    84 

of  Jul\  27.  1894,  7»»  30".  Pacific  standard  time.    E.  S.  Holden. 

6.  268.  299 

Request  for  observations  of.    £.  5.  Holden 6.  243 

of  Ji!l>  29.  1894-    C.  D.  Pcrrinc  and  £.  A.  Richon  6,  295 

•^{  i  Krtober  22,  1896 8,  324,  325 

Pb.  tograph  of  a  bright.    J.  E.  Lewis B,  107 

F*hi»tograph  of  the  spectrum  of  a  9,  240 

radiant V  Stationary.    B.  L.  Xewbirk 17,  141 

^ht.wer-,  <>n  radiant  points  of.     IV.  H.  S.  Monck 4,  217 

tram.  A  remarkable.    /.  £.  Keeler 12,  128 

MiTii*io   crater    4,    y7 

*t.»nc.  Fall  of  a,  in  India  in  A.  D.  1621.    £.  5.  Holden B,    52 

MrTT*'««iio<.v  in  the  United  Slates,  The  progress  of.  A.  L.  Colt  on. 7,    48 

MFTrnts.  Apparatus  for  photographing 6,  287 

.\.^..arid.  The.    C.  P.  Olit-ier 22.  141 

Auifu^t.    U\  H,  S.  Monck 3,  1 14 

XuRu^t.  of  1892.     D.  Kirktcood  4.  1 79 

Anri'-t.  i8<M  6.  294 ;  7.     77 

BicUn,  of  November.  1892.     W.  \V,  Campbell B.  178 

BirLn.  and   Pogson's  Comet.    IV.  H.  S.  Monck 4,     19 

ClnMcr  of    .f  D.  Tmimley 11.  120 

Hpt«ht*  of   19.  iq8 

U  iiKl-.   i89f>   9.    41 

\V^)7     C.  D.  Perrine   9,  239 

iN>     C.  n    Perrine  10.  239 

iAj8     R   Ci.  Aitken  10.  241 

i>*g8     H.  D,  Curtis  10,  242 

1*^,9     J   E   Keeler 11.  258 

iM<x>     B.  S.  Mayhew  12.    42 

icx«     C  D.  Perrine  12.  257 
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Meteors  (Continued)  : 

1900.  fV.  H.  Wright  12,  257 

1900.  H.  M.  Reese  12,  257 

1900.  E,  P.  Brackett 13,   14 

1901.  E.  L.  Larkin  13,  213 

1901.  F.  P.  Brackett 14,   63 

1902.  /.   Stebbins   14,  199 

Perseid,  in  August,  1896.    A.  L.  Cotton  and  C.  D.  Perrine 8,  259 

in  1898.    C.  D.  Perrine 10.  198 

radiant.    IV.  H,  S.  Monek H.  239 

Radiant  points  of.    W.  H.  S.  Monck 11,  154 

The  November.    £.  C.  Pickering 10,  153 

Observations  of.    C.  D.  Perrine  4,  255 

Observations  of  the,  in  the  Hawaiian  Islands.    C.  J.  Lyons. S^   48 

of  1892.    D.  Kirkwood 4,  252 

See  i^ROLiTES,  Falling  Stars,  Fireballs,  Shooting  Stars, 
and  Astronomical  Observations  of  T.  Kohl. 

Metric  System,  The  9,   90 

Milky  Way,  Considerations  on  methods  of  representing  the,  sug- 
gested by  a  recent  work.    E.  S.  Holdcn 6,    24 

is  a  separate  system  of  stars  3,  372 

Photographing  the.    E.  S.  Holden  1,    74 

Photographs  of  the,  made  at  the  Lick  Observatory.     E.  E. 

Barnard 2,  240 

Structure  of  the.    E.  S.  Holden 7,  283 

Mills  Expedition  to  the  southern  hemisphere,  The  D.  O.    W.  W. 

Campbell 13,28;  14,  136 

Brief  account  of  the.    W.  W.  Campbell 15,   70 

Note  on  the.    W.  IV.  Campbell 

15,  206,  244;  18,  85;  23,  52;  24,  126.  167 

Observatory  of  the.    IV.  W.  Campbell 16,  144 

Progress  in  the  work  of  the.    H.  D.  Curtis 21,  I99 

Recent  changes  in  the  observatory  of  the.    H.  D.  Curtis \9,23fj 

Some  results  obtained  by  the.    H.  D.  Curtis IS,  222 

Work  of  the.    W.  W.  Campbell 17,   63 

Mimas:   See  Saturn. 

Minor  Planet  (334)  Chicago.    W.  /.  Hussey 10,  192 

1898  D.  Q.,  Eros.    W.  J.  Hussey 10,  194;  11.   40 

Elements  of.    ]V.  J.  Hussey 10,  196 

(415) ,  Rediscovery  of.   E.  F.  Coddington 12,   3^ 

1911  MT  (719)  Albert.   E.  S.  Haynes 25,  133 

MT,  The  recovery  of 24,  200 

New,  1899  EX,  with  elements.    E.  F.  Coddington 12,    39 
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MiNoft  Planets,  Bauschinger's  table  of 14,  115 

Comparison  of  photographic  with  theoretical  positions  of  six. 

Anna  R.  Kidder 28»  135 

of  the  Trojan  group.    5.  Einarsson 28,  131 

of  the  Hecuba  group.  On  v.  Zeipel's  theory  of  the  perturba- 
tions of.    A.  E.  Glancy 28,  125 

Photographic  observations  of,    R.  H.  Curtiss 18,*   23 

Two  new,  with  elements.  E.  F,  Coddington 11,    47 

Sec,  also,  Asteboios,  Ekos,  and  Planetoids. 

Mmoas,  Methods  of  silvering.    H,  D.  Curtis 23,    13 

lloDK  and  planets.  Visual  observations  of.    E,  S,  H olden 12,    61 

as  seen  by  a  geologist.    E.  Suess 7,  139 

Bright  streaks  on  the.    /.  M.  Schaeberle 8,  198 

Cut  of  lunar  Appenines.    E.  S.  Holden 7,  204 

Discovery  of  new  crater  on  the.    L.  Weinek 3,  285 ;  4,    96 

Discovery  of  rills  on  the,  from  Lick  Observatory  negatives. 

(Abstract)     L.  Weinek  4,    78 

Dr.  Gilbert  on  the  evolution  of  the 4,  263 

Dr.  Henry  Draper's  photographs  of  the,    E.  5*.  Holden 8,  103 

Dr.  Rutherford's  negatives  of  the.    E.  S.  Holden 3,  373 ;  4,    38 

Drawings  of  the.    L,  Weinek ;...•.... 2,  201 

Enlargement  of  Lick  Observatory  photographs  of  the.    E.  5. 

Holden 4,  257 

by  Baron  Rothschild.    E.  S.  Holden 8,    51 

Ephemeris  for  physical  observations  of  the,  for  certain  dates 

between  1890  and  1896.    A.  Marth  9,  76,  108 

Examination  of  Lick  Observatory  negatives  of  the.     £.  S. 

Holden ; . ; 3.  249 

Harvest,  The.    O.  £.  Harmon 6,    89 

Heliogravure  of  Mare  Crisium  and  vicinity.    E.  S.  Holden 8,    52 

in  daytime.  Photographs  of  the.    /.  £.  Keeler 1,    32 

Index  map  of  the.    C.  A,  Young 3,    20 

Large  scale  photographic  maps  of  the.    E.  S. '  Holden 6,  1 13 

Lkrk  Ob$cr\atory  atlas  of  the.    E.  S.  Holden 8.  187 ;  9.  202 

Negatives  taken  at  the  Lick  Observatory,  1888,  189a    E.  S, 

Holden 3.    62 

New  rill  on  the  floor  of  the  lunar  crater  Thehit    L,  Weinek,, Z,  252 
Observation  of  eclipsed,  October  16,  1902.    Rose  0'Halloran,A4,  188 

Origin  of  the  so-called  craters  on  the.    T.  J.  J.  See 22,    13 

Photographs  of  the,  October  11.  1891.    E.  S.  Holden 8.  175 

Photographs  of  Mare  Crisium  and  vicinity.    £.  S.  Holden.,,  A,    83 
Photographic  atlas  of  the.    L  Weinek 9.  156 

discovery  of  new  crater  on  the.    L  Weinek 4.  177 

verification  of  most  delicate  optical  details  of  the.     L. 
..Weinek 8.  158 

i : ' .  i     : .  \  o 
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Moon  (Continued)  : 

Photographing  the  dark  part  of  the.    E.  E.  Barnard 2,  138 

Plate  of  the  6,  290 

Ring-shaped  mountains  on  the   [by  Dr.  H.  EbertJ.     E.  S. 

Holden 3,    53 

Rotation  of  the,  on  its  axis  5,  217 

Small  crater   in   Cyrillus,   discovered  on   Lick   Observatory 

photographs  of  the,  by  Professor  Weinek.    E.  S.  Holden.. S,    90 

System  of  bright  streaks  on  the.    E.  S.  Holden 4,  81,  186 

Time  of  rising  and  setting  of  the.    S.  D.  Townley 13,    26 

Useful  map  of  the.    E.  S.  Holden 5,  220 

Variable  spots  on  the.    R.  S.  Tosier 17,  149 

W.  H.  Pickering 17,  181 

When  the,  runs  highest  and  runs  lowest.  Rose  O'Halloran. .  .1,  266 
See,  also.  Lunar  and  Eclipse. 

Mont  Blanc,  Scientific  expedition  to  summit  of  [by  M. 

Jannsen].    E.  S.  Holden 3,    50 

Mount  Hamilton,  Barometer  and  thermometer  at,  by  months, 

1880.  1892.    C.  D.  Perrine  5,  135 

Comet  observations  at,  ( 1888-1889)   2,  126 

Elevations  at.    E.  S.  Holden  3.  370 

Fireproof  building  on.    W.  W.  Campbell 19,  242 

Force  of  gravity  at  1,  125 

Forest  fire  at,  July,  1891.    E.  S.  Holden 3,  292 

at,  July  29  to  August  3,  1894.    E.  S.  Holden 6,  240 

near.  August,  1891.    E.  S.  Holden  5.  109 

Graduate  school  of  astronomy  at.    E.  S.  Holden 4,  184;  5,  no 

History  of  the  naming  of.    IV.  IV.  Campbell 18,  225 

Improvements  of  the  water  supply  at.    E.  S.  Holden 6,  125 

Increased  water  supply  on.    W.  W.  Campbell 19,    86 

Magnetic  constants  at.    C.  A.  Schott 3,  133 

Map  of  the  neighborhood  of  6,  287 

Mean    monthly    and    annual    barometric    and    thermometric 

readings,  1880-1892.     C.  D.  Perrine  5.  124 

Mt.  St.  Helena  visible  from.    C.  D.  Perrine  8,  329 

New  quarters  for  astronomers  at.    E.  S.  Holden  5.  235 

Permanent  improvements  at.    E.  S.  Holden  3,  251 

Point  Reyes  light  seen  from.     C.  D.  Perrine  8,  192 

Postoffice  at   2,  130;  9,  151 

Rainfall  at.     E.  S.  Holden  1,  123 

/.  D.  Maddrill 18,    69 

1880-189T.    A.  I.  Burnham   3,  371 

1885-1892.    C.  D.  Perrine   5,  126 

Red  sunsets  at     C.  D.  Perrine  15,    26 
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M«H'.xT  Hamilton  (Continued): 

rts<r\*ation.  Survey  of  the   7,  340 

road.  Improvements  of  the.    E.  S.  Holden 4,  154 

Seeing  at.    H'.  J.  Husscy 11,  202 

Storm  of  January  15.  1895,  at.    C.  D.  Perrine  7,    97 

Vegetation  on  the  summit  of,    E.  S.  Holden B,  108 

Visibility  of  Mt.  Whitney  from.    C.  D,  Perrint 21,  29,    85 

Weather  at,  in  the  winter  of  1896-1897.    R.  G.  Aitken 9,  103 

Weather,  Note  on.     IV.  W,  Campbell 19,    49 

5>ee,  alv).  Lick  Obsekvatorv. 

MorxT  Wilson,  A  road  to.    G.  £.  Hale 18,  251 

See,  also.  Solas  Obsexvatosy. 

MuxTAiN  Observatories,  Quotation  on  (Sir  Isaac  Newton) 1,  123 

Views  of   8,  242 

*ite^  for  observatories.    A,  G.  McAdie 21,     13 

M"TioN  among  several  stars  of  large  proper  motion,  Community 

of.     H'.  n\  Campbell  24,    81 

of  one  hundred  stars  of  large  proper  motion  whose  radial 
velocities  have  been  determined,  On  the  real.  R.  E. 
M'tUon 24,  157 

of  the  Pole:    See  Pole. 

of  the  *olar  system  in  space  [Oscar  Stumpe].    E.  S.  Holden.,.3,    42 

Xf Bix^.  in  Andromeda,  The  Great.    E.  F.  Coddington 10,    45 

in  Auriga.  Large  new.    /.  A/.  Schaeberle 4,  85.  184 

m  Lyra.  Parallax  of  the  central  star  in  the  annular.     B.  L. 

Xewkirk 18,  140 

Ring.    B,  L.  Xetvkirk 16.     13 

Spectrum  of  the  Ring.    K.  Bums 23,    33 

in  I'rsa  Sfajcyr.  A  new  large.    E.  F.  Coddington 10.  123 

near  Merope.  Small  bright.    /.  E.  Keeler 10,  245 

New.    R.  H.  Tucker 6,    66 

of  Orion,  Color  of  the  stars  in  the  Great.    K,  Bums 22.  185 

Comparison  of  some  photographs  and  drawings  of.    E.  S. 

f  f  olden 3.    57 

Xew  positions  of  stars  in  the  Hu>-ghenian  region  of  the. 

/?.   £.   H'ibon    23,237 

Photographs   of   the,   taken   with    the    Crossley   reflector. 

/.  E.  Keeler 11.    39 

Photographs    of    the,    with    the    great    telescope.     E.    S. 

Holden 3.  141 

Schmidt's  drawings,  1860-1875,  compared  with  photographs. 

.£   .V    Holdm  3,    68 

S<wne  photographs  of  the  Great,  which  are  directly  com- 
parable with  drawings.    /.  E.  Keeler 11,    70 
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Nebula  (Continued)  : 

Visible  spectrum  of  the  Great    W.  W.  Campbell 5,  206 

Photograph  of  the  Eta  Argus.    E.  S.  Holden 5,  131 

Photograph  of  the  TriM,  in  Sagittarius.   J.  E.  Keeler 12,    89 

Southern,  with  a  large  radial  velocity.    /.  H.  Moore 25,  289 

with  a  large  radial  velocity,  A.     W.  W.  Campbell  and  E.  S. 

Haynes 25,  288 

Nebulae,  Catalogues  i,  2,  3  and  4  of,  discovered  at  the  Lowe 

Observatory.    L.  Swift 8,  304 ;  9,  186,  223 

Cause  of  differences  between  drawings  and  photographs  of. 

/.  E.  Keeler 7,  279 

Determination  of  radial  velocities  of.    W.  W.  Campbell 25,  288 

Discovery  of  many  small,  near  some  globular  star  clusters. 

C.  D.  Perrine 20,  237 

Helical.    E.  S.  Holden  1,    25 

Influence  of  physiological  phenomena  on  visual  observations 

of  the  spectra  of.    /.  E.  Keeler 10,  141 

Number  of  the.    C.  D.  Perrine 16,  265 

Ring,   in  Lyra  and  Cygnus,   Photographic  observations   of. 

/.  E.  Keeler  11,  177 

Wave-length  of  the  second  line  in  the  spectra  of  the.    /.  E. 

Keeler 2,  281 

See,  also.  Planetary  and  Spiral  Nebul«. 

Nebular  Hypothesis,  The.    R.  G.  Aitken  18,  iii 

Neptune,  Historical  note  relating  to  the  search  for,  in  England, 

in  1845-1846.    E.  S.  Holden  4,    21 

Residuals  for  observations  of  the  satellites  of.    fV.  J.  Hussey. 14^    55 

New  Star: 

in  Auriga.    E.  S.  Holden  4,    84 

in  Carina.     E.  C.  Pickering  7,  341 

in  Norma.    W.  IV.  Campbell 6,  52,  102 

in  Norma.    E.  C.  Pickering  6,    53 

in  Sagittarius,    E.  C.  Pickering 11,    87 

in  the  southern  sky.    E,  S.  Holden 5,  225 

of  1892.    W.  W.  Campbell  7.    31 

spectrum.  Comparison  of  the,  with  the  spectra  of  five  well- 
known  nebulae.     W.  W.  Campbell 5,  147 

See,  also,  Nova. 

Newcomb,  Simon,  Address  of  the  president  of  the  Society  in 

awarding  the  Bruce  Medal  to.    William  Alvord 10,    49 

Note  on  the  life  of.    R.  G.  Aitken 21,  185 

Notes  from  Pacific  Coast  Observatories.    In  every  number  after 
No.  loi  of  Volume  17.    The  Notes  are  separately  indexed. 
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Nova: 

AqmU,  No.  2,  Photographs  of.    5*.  Alhrecht 17,  158 

Photometric  measures  of.    /.  D.  Maddrill 

17,  155.  192;  1»,  69.  310 

Spectrum  of.    /.  H.  Moore  and  5.  Alhrecht 17,  156 

Auriga.    H\  IV.  Campbell 4,  192 

Changes  in.     JF.  IV.  Campbell  B,  108 

Contributions  to  the  literature  of.    JF.  IV.  Campbell 6,    49 

Observations  of,  February  14,  1893.    W^.  W^.  Campbell S,    55 

Miscellaneous.    IV.  W.  Campbell S,    7Z 

Spectrum  of.    \V.  IV.  Campbell 4.  231 

Visual  magnitude  of,  (Mount  Hamilton  observations) 4,  225 

Visual  Observations  of.    W.  W.  Campbell 13,  127 

VogeKs  theory  of.    (Translated  by  Mrs.  E.  B,  Campbell) .  .6.    50 
Wave-lengths  of  the  principal  line  in  the   spectrum  of. 

W.  W.  Campbell B.  232 

Centamri 7.  349 

and  the  nebula  surrounding  it.    IV.  J.  Hussey 8,  220 

Gtminorum,  Note  on.    R.  G.  Aitken IB,  163 

Note  on.    C.  D.  Perrine IB,  164 

Observations  of,  with  the  Crossley  reflector.  C.  D.  Perrine. IS,  162 

Spectrum  of.    H.  M.  Reese  and  H.  D.  Curtis IB,  164 

Visual  observations  of  the  spectrum  of.    H.  D,  Curtis IB,  222 

Geminorum,  No.  2,  Magnitude  estimates  of.    P.  IV.  Merrill.. tA,  167 

Sote  on  24,  142 

Position  of.    R.  H.  Tucker  2B,    4a 

Some    recent   observations   of.     IV.   S.   Adams  and   A. 

Kohlschutter 2B,  290 

Spectrum  of.    W.  H.  Wright 24,  194 

Lacerta,  Note  on.    H.  D.  Curtis 23,    50 

Spectrmn  of.    W,  H.  Wright 23.    50 

Pertei.    W.W.Campbell 13,    65 

and  the  faint  stars  near  it.    R.  G.  Aitken 13,    68 

change  in  the  spectrum  of 14,  205 

FluctuaHons  of.    Rose  O'Halloran 13,  116 

Harvard  photographs  of  IB,    50 

light  curve  of.    S.  D.  Toxtmley 13,  91,  247;  14,    63 

Magnitude  estimates  of.    R.  G.  Aitken 13.  123 

nebula  surromiding.  Motion  in  the  faint    C.  D.  Perrine. .  .13.  237 
nebula  surrounding.  Further  observations  of  tlie.    C.  D. 

Perrine 14,    22 

Observations  of  the  spectrum  of.     W.  W.  Campbell  and 

W.  H.  Wright  13.  223;  14,  136 

Photographs  of  nebulosity  surrounding.   C.  D.  Perrine 14,  151 

Spectrum  of  the  faint  nebulosity  around.    C.  D.  Perrine. .  .IB,    25 

See.  also.  New  Stai. 
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NoViE,  List  of  13,  130 

Number  of  stars  in  the  universe,  The.    R,  H.  Tucker 25,  199 

Obituary  Notices: 

Allen,  Richard  Hinckley  20,  121 

Alvord,  William  17.    37 

Bonte,  Dr.  J.  H.  C.    E.  S.  Holden 8,  330 

Boss,  Lewis,    R.  H.  Tucker 24.  255 

Bredichin,  Theodore   16,  228 

Brown,  Miss  Elizabeth  1 1,  131 

Bruce,  Miss  Catherine  Wolfe 12,    81 

Briinnow,  F.  F.  F.,  Note  on.     A.  Kruegcr   (translated   by 

/.  M.  Schaeberle 3,  367 

Clark,  Alvan  G.    E.  S.  Holden  9,  152 

Clerke,  Miss  Agnes  M 19',  115 

Common,  A.  A.    A.  Greig 15,  209 

Copeland,  Ralph   17,  204 

Crocker,  C.  F.     E.  S.  Holden  9,  160 

Crossley,  Edward.    IV.  W.  Campbell 17,    64 

Czarpski,  Siegfried 19,  248 

Darwin,  George  H * 25,    54 

Deichmiiller,  F 15.  209 

Dolbeer,  John   14,  I77 

Dolmage,  C.  G 20,  297 

Donohoe,  Joseph  A.    E.  S.  Holden 7,  121 

Fleming,  Williamina  Paton.    Annie  /.  Cannon 23,  209 

Floyd,  Richard   S.,  late  president  of  Lick  Trustees.     E.  S. 

Holden 2.  309 

Gauss,  Robert 25,    58 

Glaisher,   James    15.  139 

Good.  G.  B.    E.  S.  Holden  8.  269 

Gould,  B.  A.    R.  H.  Tucker  8,  315 

Graham,   A 20.  297 

Hall.  Asaph   19.  264 

Harkness,  William  15.  172 

Henry,  Prosper.    F.  Schlesinger 15,  230 

Hough,  G.  W 21,    39 

Huggins,  Sir  William.    W.  W.  Campbell 22.  149 

Joly,  C.  J 18,    97 

Kirkwood,  Professor  Daniel.    E.  S.  Holden 7,  205 

Kovalevsky,  Madame  Sophie.    E.  S.  Holden  6.  239 

Kovalevsky,    Sonya    7,  340 

Kreutz,   Heinrich    19.  249 

Kreuger.  C.  N.  A.    R.  G.  Aitken  8.  238 

Lamp,  E.  A 13,  183 

Langley,  S.  P.    IV.  IV.  Campbell 18.  144 
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(>»m  A«Y  \«mcES  (Continued): 

Uwttm.  G   K,    T.  J.  J.  See 13,  182 

l-eCome.  John,  1818-1891.    £.  5.  Holden  3,  254 

Liwimis   Professor   Elias   2,  191 

Marih.  A.    E.  S,  Holden  9.  202 

McOcan.  Frank 16,  272 

Nfacdonald,  John    22,  188 

MilU.  Darius  Ogden.   1825-1910   22,    36 

Newton.  H.  A.     E,  S.  Holden 8,  269 

Oppiilzcr.  E^n  von 19,  248 

(>i;dcnians.  J.  A.  C 19,  115 

Parkhur^t.  H.  M 20,  122 

Pbclp^.  T.  G.    /.  E.  Keeler 11.  164 

Picrson.  \V.  M 16.  276 

Poincare.   Henri    •  • 24.  260 

Pn»ctnr.  R.  A.  Monument  to  the  late.    E.  S.  Holden B.  222 

Roberts,   Isaac   16,  228 

R.^ers.  \V.  A.    A.  Searle 10.  163 

Rt>ml*erg.  H.    O.  Backlund 10,  200 

Ro^^e.  The  Earl  of 20.  272 

Rowland.  H.  A.    n\  W,  Campbell 13,  126 

Safford.  T.  H.    //.  Jacoby 13.  181 

Saunder.  S.  \ 25.  106 

Schiaparelli.  Giovanni  Virginio.     R.  G.  Aitken 22,  164 

Sch.ienfeld,  E..  by  A,  Krueger  (translated)    3.  255 

Schur.  A.  C  VV 13,  184 

Sioke».  George  C.    A.  Grieg 15,  138 

Stnixe.  Otto  Wilhelm.    A/.  SyrH 17,    96 

Swift.   Lewis    25.    5> 

Tb<»me.  John  M • 20,  297 

Tiittle.  Charles  W.     E.  S.  Holden  7.  204 

Viffcd  Hermann  Carl    A.  O,  Leuschner 19,  238 

Winlock,  W.  C.    E.  S.  Holden  5,  269 

Winnecke,  ART 10,    43 

Wislicenus,  Walter  F.    B.  L.  Xewkirk 17.  204 

Wolf.  Rudolf.     U\  ir.  Campbell 6.    65 

Yming.  C  A.     S.  D.  Toumley  20,    46 

OftsiK\  ATO«IF.<  : 

Mountain 1 .  123 

Heights  of.    £.  5".  Holden 5,  243 

Sites  for.    A,  G,  McAdie 21,     1 5 

Views  of 8,  242 

New.     ir.  J.  Hussey 7,  284 

Number   of  observers  and  computers  employed   in   leading. 

E   S    Holden  2,  304 
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Observatories  (Continued)  : 

Pacific  Coast,  Notes  from  [Continued  in  nearly  every  subse- 
quent number ;  separately  indexed]   17,    56 

Reports  of: 

Allegheny 15,  169 

Astrophysical  of  the  Smithsonian  Institution 15,  90;  16,  167 

Chabot 12,  44;  13,  40;  14,  301 

Chamberlin,  Denver,  Colorado  

...15,  97;  16,  107;  18,  146;  19,  90;  20,  98;  21,  145;  22,  191 

Cincinnati,  Ohio   15,  43;   16,  109 

C6rdoba 11,  206 

Goodsell,  Northfield,  Minnesota  15,    97 

Harvard  College  H,  205 ;  15,  33 ;  16,  109 

International  Latitude,  Ukiah 1 12,  44;  13, 

41;  14,  30;  15,  43;  16,  115;  IS,  147;  19,  90;  20,  98;  21,  145 

Kirkwood,   Bloomington,   Indiana   16,  106 

Laws,  Columbia,  Missouri  15, 167 

Leander  McCormick,  Charlottesville,  Virginia 15,    96 

Lick 12,  44;  13,  42;  15, 

no;  18,  148;  19,  91;  20,  186;  21,  145,  213;  22,  216;  24,  237 

Lowell,  Flagstaff,  Arizona 15,  96;  18,  152;  19,  97;  20,    99 

Mount  Lowe  12,  45 ;  13,  43 ;  14,    31 

Naval,   Mare  Island   

13,43;  18,  156;  19,99;  20,  106;  21.  146;  22,  190 

Naval,  Washington  11,  263;  15,  29;  16,  104 

Solar,  Mt.  Wilson 18,  156;  19,  100;  20,  107;  21,  146 

Students*,  Berkeley   

....12,  45;  13,43;  14,  32;  18,  164;  19,  104;  20,  116;  21,  160 

United  States  Coast  and  Geodetic  Survey 

12,  45;  13,  43;  14,  33;  15,    33 

University  of  Minnesota  15,    31 

Vassar  College,  Poughkeepsie,  New  York 15,  ^;  16,  115 

Washburn,  Madison,  Wisconsin 16,  112 

Yerkes,  Williams  Bay,  Wisconsin 11,  207 ;  15,    99 

Visit  to  certain  European  [Winterhalter].    E.  S.  Holden 3,    40 

Observatory  : 

Algiers.    E.  S.  Holden 4,  268 

Allegheny,  New  instruments  for.    E.  S.  Holden  3,  371 

Note  on  the  new  24,  232 

Carleton  College.    W.  W.  Payne 3,    85 

Carnegie  Institution,  in  southern  hemisphere.    W,  IV,  Camp- 
bell   20.  291 

San  Luis  Observatory  of.    R.  H.  Tucker 24.    15 

Catholic  University  of  America,  Position  of  the 3,    57 

Chabot.    C.  Burckhalter 6,    85 
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Obsixvatoby  (Continued)  : 

New  equipment  for  the.    C.  Burckkalter 28,  ago 

Charles  Smith  Scott 11,  130 

Columbia  University,  Gift  to  11,  127 

Library  of.    /.  K.  Rets  4,  a68 

Cordoba,  National,  of  the  Argentine  Republic.    £.  S.  HoldenA,    25 

C  D.  Perrine 22,  205 

Preface  to  Volume  13  of  the  publications  of  the.    /.  M, 

Tkomr 4,    27 

Docninion  [Ottowa],  New  reflecting  telescope  for  the 28.  269 

Dudley,  at  Albany,  The  new.    £.  S.  Holden 8,  100 

Completion  of  the  new.    /?.  H.  Tucker 8,  226 

Edinburgh.  The  Royal.    R.  G.  Aiiken 10,    69 

Emerson  McMillan,  of  Ohio  Sute  University.    £.  S,  Holden.  .7,  206 

F.  P.  Brackett,  Pomona  College 21,    28 

Flower.  University  of  Pennsylvania  7,  295 

Dedication  of  the  9,  148 

Georgetown   College    3,    57 

1843-1^^    G,  A.  Fargis 7.    89 

Greenwich.  The  Rojral,  at  

9.  152;  16.  229;  18,  256;  19,  215;  20.  245;  23.  212 

New  photographic  telescope  presented  to  the,  by  Sir  H. 

Thompson 6,  133 

Harvard  College,  The  Bruce  telescope 4,  82;  8.  186,  220;  9.    93 

Work  of  the 19.  106 

Heidelberg.  The  new.    E.  S.  Holden 7.  344 

Intrmational  Latitude,  at  Ukiah.    S,  D.  Toxvnley 17.    71 

Kenwood  Physical    G.  E,  Hale 3.    30 

Kiel,  Description  of  the  new  meridian  circle  of  the.  E.  Smith. 17,  202 

Kirkwood.  of  Indiana  University.    /.  A.  Miller 13.  139 

Ktfdiakanal  Solar  Physics,  in  India.    C.  Michie-Smith 7.  113 

Kcmigsburg.  15-inch  refractor  for  the.    E.  S.  Holden 8.    98 

Ladd.  Foundation  of  the  3,  378 

Note  on  the  9,    47 

Leander  McCormick.    H.  A.  Sayre 4,  112 

Lowe.    £.  S.  Holden 8.  183 

C  D.  Perrine .7,    47 

Lowell,  in  Arixona.    £.  5.  Holden 8.  160 

A  movable 8.  195 

Rrtum  of  the,  to  Arizona 9.  105 

Manila,  20- inch  equatorial  for  the.    £.  S.  Holden 8.    45 

Mare  Uland  Naval    £.  Hayden 11.  II2 

Meudon,  The  Physical  of.    £.  S.  Holden  4,  i8i 

Refractor  for  the  ..8,    46 
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E.  S.  Holden .5.    52 

JV.  W.  Campbell  5,230 

Napa  College  2,  ijo 

Nice.     E.  S.  Holden  3,  123 

Paris,  The  National,  at.    E.  S.  Holden  4,  151 

Perth,  Australia,  Circular  concerning  the  proposed.    C.  Todd..B,    87 

Potsdam,  Royal  Astrophysical,  at.    A.  O.  Leuschner 4.    40 

Large  refractor  for  the.    E.  S.  Holden 8,  259 

Prague,  Gift  from  Miss  Bruce  to  the 9,  loi 

Pulkowa,  Visit  to  the,  Vicomte  E.  M.  de  Vogiie 7,  285 

Chromatic   aberration    of   the    30-inch    refractor    of    the. 

/.  E.  Keeler  2,  258 

Sayre,  South  Bethlehem,  Pennsylvania.     C.  L.  Doolitfle 9.  130 

Strassburg,  The  University,  of.    E.  S.  Holden 3,  279 

Swarthmore  College.    Susan  J.  Cunningham  3,    21 

Thames,  New  Zealand,  Brief  account  of  the.    /.  Grigg 16,    28 

United  States  Naval.    E.  S.  Holden  3,  74;  4,    35 

5.  D.  Townley 22,    38 

New  mounting  for  the  telescope  of  the 5,  113 

University  of  Alabama,  Astronomical   3,  no 

Valkenburgh.  Holland,  A  new,  at.    /.  G.  Hagen 9.  121 

Vassar  College.    Mary  W.  Whitney 6,  151 

Vatican 7,  122 

Vienna,  The  Imperial,  at.    E,  S.  Holden 3,  243 

Washburn.     G.  C.  Comstock   9,    31 

West  Point,  The  U.  S.  Military,  at.    F.  S.  Harlow 3,  273 

Western  Reserve  University,  New  telescope  for 11,  130 
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IV.  J.  Hussey 9,  209 

Bruce  photographic  telescope  for  the.    S.  D.  Townley 17.    32 

40-inch  refractor  for  the.     Warner  &  Swasey 5,  224 

See,  also,  Lick,  Solar,  and  Students*  Observatory. 

OCCULTATION  I 

of  Japetus,  1890,  April  9  2,  131 

of  Jupiter,  1889,  September  3 .1,  75 

of  Mars  by  Moon,  1890,  April  8 2,  130 

of  Saturn,  May  25,  1893.    J-  Tebbutt .6,  23 

Occulta  TiONS : 

oi  Jupiter  in   1889   1,    32 

of  stars  by  the  Moon.    A.  O,  Leuschner 1,  70;  2,  137 

of  stars  by  the  Moon.    E.  E.  Barnard 2,    24 
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0(i'^)ii>ziKs  Lehbri'ch  zur  Bahnbestimmung  dcr  Komcten  und 

PlanttcH,  Corrififcnda  to.    A.  O.  Leuschncr 2,  226 

(»rTiCAL  Glass.  Large  discs  of.     W.  J.  Hussey B,  107 

Method  of  testing.    G.  £.  Hale 24,  128 

(.Hut:   See  under  G)mets,  Double  Stars,  etc. 

(.»iiiox  Nebula;   See  Xeblxa  of  Orion. 

Pw-Amewcan  Congress,  Note  on  the.    H\  IV.  Campbett 21,  211 

P\k\tt>Lic  mirror,  Longitudinal  aberration  of  a.    W.  J.  Hussey.  .14,  179 

P\RUjjvx,  Effect  of,  on  phenomena  of  satellites  of  Mars.    W.  J. 

Hussey 4,  163 

of  I  Equulci.     n\  J.  Hussey 15,    6i 

of  70  Ophiuchi.    R.  H.  Tucker 6,  187 

of  the  planetary  nebula  DM  -f-  41,  4004,  The.    IV.  W.  Camp- 
bell  B,  234 

of  the  Sun  from  spectroscopic  observations 14,  204 

Sice,  also.  Stellar  Parallax,  Solar  Parallax. 

P%»*LLAXts.  Determination  of,  by  observation  at  the  meridian 
circle   with   registering  micrometer    [by  J.   C.   Kapteyn]. 

L.   Boss .3.  346 

H>-p<)t helical,  of  the  brighter  stars  of  Class  A.    W.  W.  Camp- 

bell 24.    81 

PiiruAi  phenomena  seen  at  Visalia  April  18,  1896 8,  194 

Pf«M)N  %L  equation.     /?,  H.  Tucker  8.    81 

equation,  and  its  variation.     Elliott  Smith   23,  167 

equation  in  transit  observations.    R.  //.  Tucker 25,  212 

m>tr<  (See  also,  under  Lick,  and  Solar  Observatory)   

4.  45;  ». 

109;  6.  54,  66;  7.  231 ;  9.  47,  90.  241 ;  11,  55.  57;  12.  46;  19.    62 

vale.    F,  Schlesinger 15.  207 

R,  G.  Aitken   15.  220 

examples  of.    F.  Schlesinger 15.  228 

/.  Stebbins 17.    72 

PuTTiRBATioNs  lu  the  motious  of  celestial  bodies,  Some  large. 

(Translated  from  Himmel  und  Erde).    C.  A.  Stetefeldt  .,.8,    45 

PntrrwaAPHic   brightness   of  the   fixed   stars.  On   the.     /.   Af. 

Schaeberle 1,     51 

drhnition  from  light  of  different  wave-lengths.  C.  D.  Perrine. 20,  292 
libn,   Determination  of  relation  between  exposure  time  and 

consequent  blackening  of.    A.  O.  Leuschner 2,      7 

him*  on  glas5.  On  the  distortions  of.    S.  Albrtcht 19,  205 

film*.  5W>me  results  of  a  study  of  the  structure  of.     C.  D. 

Perrine 20.  264;  21.    36 
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measures.    B.  L.  Newkirk 17,  128 

measures  of  the  Pleiades,  The  Rutherford.    W,  L.  Elkin 4,  134 

photometry,  Theory  of.    E.  S,  Holden 6,   67 

plate,  A  new  [Lumiere-Sigma].    E,  A,  Path 20,  239 

Comparison  of  the  sensitiveness  of  the  eye  and  of  the       2,  195 
plates  made  with  lenses  of  wide  angle,  Tables  for  the  reduc- 
tion of.    B,  L.  Newkirk 17,    65 

See,  also,  Dry  Plates. 
rays  of  light,  Absorption  of  the,  in  the  Earth's  atmosphere... 2,  250 
rays,  Atmospheric  absorption  of  the.    /.  M,  Schcteberle.3,  296;  4,  270 

telescope,  The  Bruce  5,  220 

telescope  for  the  University  of  Mississippi.    E.  S.  Holden 4,  155 

telescope.  Simple  method  for  pointing,  upon  a  guiding  star 
during  a  long  exposure.     /.  M,   Schaeherle  and  E.   E. 

Barnard 2,  259 

telescopes  of  different  focal  lengths,  Experiments  on  effec- 
tiveness of  [N.  G.  Duncr],  Note  on.    E.  S,  Holden 3,  369 

Photography  in  astronomy.  Development  of.    E,  E.  Barnard  ..10.  213 

of  light  of  short  wave-length   6,    66 

On  the  determination  of  the  brightness  of  stars  by  means  of 1,  112 

stellar,  The  future  of  2,  300 

See,  also,  Astronomical  photography. 

Photo-Mechanical  processes,  On.    E.  S.  Holden 5,  133 

Photometer,  The  electric-cell.    IV .  W.  Campbell 25,  275 

See,  also,  under  Lick  Observatory. 

Photometry,  Photographic.    E.  S.  Holden 2,    17 

See,  also,  Photography. 

Physiological  phenomena,  The  influence  of,  on  visual  observa- 
tions of  the  spectrum  of  nebulae.    /.  E.  Keeler 10,  141 

Pickering,  E.  C,  Address  of  the  president  of  the  Society  in 

awarding  the  Bruce  Medal  to.    C.  S.  Gushing 20,    53 

Planetary  diameter,  On  the  determination  of.    W.  W.  Campbell. S,  23JS 

inversion 18,  278 

nebula,  DM-j-  41 ;  4004,  Parallax  of  the.    W.  W,  Campbell. . .  .5,  234 

nebula,  New.    R.  G.  Aitken 12,  203 

nebula,  SD  — 12",  1172,  The.    W.  W,  Campbell 5,  J07 

nebula  with  variable  nucleus 20,  196 

nebulae,  On  the  motions  of  the,  in  the  line  of  sight.    /.  E, 

Keeler 2,  265 

Note  on  the.    H.  D.  Curtis  24,  195 

phenomena.    M.  McNeill  6,  193 
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months  succeeding  the  date  of  issue  are  printed  in  every 

number  of  the  Publications  beginning  with  the  one  noted.] 

Plakctoids,  Photography  of  the  [Professor  Max  Wolf].    Ab- 
stract by  E,  S.  Holdtn S,    23 

Planets  and  satellites,  Dimensions  of  9,  341 

Are  the,  habitable?    G.  M,  Searlt  2,  165 

Circulation  of  the  atmospheres  of.    M,  Ma$uon S,    47 

Densities  of  the,    D.  Kirkwood  2,      i 

Motion  of  the  inner.    B.  L.  Newkirk IS,  317 

See,  also,  MEiCLitY,  Venus,  etc 

Pleiaiies,   Rutherford  photographic  measures  of  the.     W,  L. 

Elkin 4,  134 

PiMNCABi,  Henii,  President's  address  in  awarding  the  Bruce 

Medal  to.     Fremont  Morse  23,    73 

Pnu^m  axis  of  an  equatorial  Note  on  adjusting  the,    C.  D.  Per- 

""^ 14,  175 

PoLABis.  Table  of  azimuths  and  elongations  of,  for   1889  and 

i»90 1.    68 

See.  also,  under  Spectroscopic  Binary  Stars. 

Polarization  of  light  in  the  solar  corona.    R,  Young 24,  123 

Polarizing  phenomena  of  coelostat  telescopes.    G.  E.  Hate 24,    7$ 

Pole,  Motion  of  the  10,  246 

See.  also.  Variation  of  Latitude. 

PbpLXAR  interest  in  astronomy.    /.  D.  Galloway 24,    97 

science  in   Berlin   4,  154 

PowDUi  explosion  at  West  Berkeley,  July  9,  1892.    £.  5.  Holden.  .4,  187 

PRESsintE  of  light.  Some  astronomical  consequences  of  the 20,    42 

Prizes,  Medals,  etc  : 

Acton  prize  8,  109 

Arago  medal  award  6,    49 

Astronomical  Journal  prizes  8,    48 

Astronomical  prizes  of  the  French  Academy  7,  70;  11,    57 

Bruce  medal :    See  under  Astronomical  Society  of  the  Pacific. 

Giplcy  medal  award 11,    55 

Draper  medal  award  IS.  229 

CxAd   medal  of  the   Royal  Astronomical   Society 

11.  90;  18.  14^;  19,  no 

Li*t  of  Americans  who  have  received  the  9,    45 
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Janssen  prize   6,  66 

Lalande  prize 5,  48;  10,  40;  16,  32;  19,  53 

Medals  awarded  by  the  National  Academy  of  Sciences 11,  134 

Prize  for  excellence  in  comet  observations  7,  63 

Prizes  offered  by  the  Smithsonian  Institution   5,  131 

Rumford  medal  16,  122 

See,  also,  Bruce  Medal  and  Comet  Medal  under  Astronom- 
ical SoaETY  of  the  Pacific,  and  Personal  Notes. 

Probabilities,  Note  on.    S.  D.  Townley 19,  172 

Problem  of  stellar  evolution.  Present  status  of  the.    E.  Phoebe 

Waterman 25,  189 

Procyon:    See  under  Double  Stars. 

Proper  Motion  and  magnitudes  of  1240  stars.  Relation  between 

the.     S.  D.  Townley  5,    46 

of  Harvard  A.  G.  2577.  Probable.    C.  D.  Perrine 11,    48 

of  02  165.    W.  J.  Hussey 12,  200 

Star  with  the  largest  known.    R.  G.  Aitken 10,    Z7 

stars,  New.    R,  H.  Tucker 27,  274 

stereoscopic  determination  of.    B.  L.  Newkirk 18,  254 

Proper  Motions  of  stars.  Spectra  and.    W.  H.  S.  Monck 9,  123 

of  stars  with  different  spectra.    W.  H.  S.  Mon^k 4,    98 

See,  also.  Motion. 

Publications,  New 3,  131,  258;  19,  63,  117,  176,  223,  251, 

265;  20,  50,  123,  I99»  273,  298;  21,  46,  91,  163,  179,  229, 
263;  22,  42,  107,   146,  202,  247;  23,  133,  215,  247,  278;  24,    93 
See,   also.   Reviews,   and   Abstracts   from   Astronomical 
Publications. 

Radial  Velocity  equation.  Derivation  of  the.    G.  F.  Paddock 25,  208 

observations,  Cooperation  in   14,  203 

of  o  Draconis.  J.  H.  Moore 18,    66 

of  a  Orionis.    H.  C.  Plummer 20,  227 

of  o  Persci  and  of  0  Ursa  Majoris.    W.  IV.  Campbell 13,  166 

of  Arcturus.     J.  E.  Keelcr  2,  284 

of  V  Cephci.     IV.   W.  Campbell  10,  184 

of  Groombridge  1830.    W.  W.  Campbell 13,    70 

of  f  Herculis.     W.   W.   Campbell   7,    67 

Some  stars  with  large.    IV.  IV.  Campbell 13,    72 

See,  also,  Stars,  Nebula,  Spectroscopic  Binary  Star. 

Radiation  pressure.     C.  D.  Perrine  14,  55 ;  15,    86 

Rainbow,  A  white.    C.  D.  Perrine 7,  119 

Raphael,  Contribution  of,  to  astronomy   2,    19 
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RjLD  Stae  DM  +  36*  4025.  The.    W.W.Campbell 8,  177;  6,    64 

Retuxtinc  telescope  for  sale 6,  296 

tele*<ope5.  Prices  of     9,    44 

Ri7LE4^«,  The  Harvard  five-foot.    5.  D.  Townley IS,  170 

and  portrait  lens  in  celestial  photography  9,  147 

See.  also,  under  Lick  Observatory  and  Solar  Observatory. 

Rent  ACTION,  The  constant  of.    R.  T.  Crawford 16,    78 

Note  on  anomalotis.    F.  Schlesinger  and  G,  B.  Blair IS,    46 

Retractos  for  sale,  six-inch  Brashear.    E.  S.  Holden  8,  176 

for  sale,  sixteen-inch  Clark  S,  243 

In>tallation  of  the  Newall,  at  the  University  of  Cambridge 4,    38 

RiTRAt-roRS  of  the  world,  The  large 10,  158 

Rn-ATivirv,  The  theory  of.    //.  D.  Curtis 23,  219 

Remarkable  object,  A.    7.  E.  Espin 10,    83 

object  in  Perseus.    E.  F.  Coddingion 10,  120 

RniE-\i\  On  the.    Sebastian  Albrecht 20,    94 

RrviRsiNt;  layer  of  Sun's  corona.  Total  solar  eclipse,  August  9, 

i8g(».    E.  S.  Holden  9,  100 

Rrviiws: 

.\nnals  of  the  Astrophysical  Observatory  of  the  Smithsonian 

Institution,  Volume    I.    /.  D.  Galloway 14,    26 

Anmnincement  of  English  translation  of  Dr.  Dziobek's  treatise 
<.n  the  mathematical  theories  of  planetary  motion.     E.  S. 

Holden 3,    49 

.Avironomischer  Jahrcsbericht,  for  1901 14,  146 

Atlas  of  representative   stellar  spectra    [Huggins].     H'.    W. 

Campbell 12,  246 

Atlas  photograph ique  de  la  Lune  (Loewy  et  Puiseux).    E.  S. 

Holden S.  319 

Bi<>Kraphy  of  W.  C.  Bond.    E.  S.  Holden  3,    50 

Bnmham's  General  Catalogue  of  double  stars.    E.  Doolittle.  .19,  217 

Celestial  handbook.     H\  J.  Hussey  5,    go 

Celestial  photographs   [  I<aac  Roberts)    19,  108 

Chapters  on  the  Stars,  by  Simon  Xewcomb.    /.  D.  GalloziXiy.  .13,    oo 
Climatology  of  California  [.A.  G.  McAdie).    .V.  D.  Toztmley.  .16,  150 

**C«msider  the  Heavens,"     E.  S.  Holden   7.  350 

Dawn  of  astronomy,  by  J.  X.  Lockyer.    Af.  H\  H 6.  126 

D<Kiblc-star  astronomy.    R.  G.  Aitken 20.  288 

D<»tible-Mar  work  at  the  Flower  Observatory.   R.  G.  Aitken.  .IS,  174 

Dfnible-star  orbits  [Doberck].    R.  G.  Aitken 19.    58 

Drc>cr*<  biography  of  Tycho  Brahe.     T.  Kohl 3,  igp 

Karly  nimiber<  of  A<tronomical  Society  of  Pacific  Publica- 
tions.    E.  S.  Holden  1.    76 

Pritchard's  researches  in  stellar  parallax.     //.  Jacoby 8,  174 
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Elements  of  descriptive  astronomy,  by  H.  H.  Howe.    E.  S. 
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Frost's   translation   of   Scheiner's   spectral   analysis.     E.   S, 

Holden 6,  287 

Handbook  of  astronomical  instruments  [L.  Ambronn].    /.  E. 

Keeler 12,  117 

Handbook  of  practical  astronomy  for  university  students  and 

engineers,  by  W.  W.  Campbell.    /.  E.  Keeler 4,  129 

Handbook  of  optics,  by  Steinheil  and  Voit    H.  Crew 4,    31 

Handy  star  atlas  [Messer's).    E.  S.  Holden 4,    85 

Herschels  and  modem  astronomy   [A.  M.  Clerke].     £.  5. 

Holden 7,  349 

Holden's  elementary  astronomy   12,  79,  133 

Hussey's  measures  of  the  02  double  stars.    S.  W.  Bumham..  14,    18 
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schaft S,    95 

Introduction  to  astronomy,  by  F.  R.  Moulton.    R.  T.  Craw- 
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Investigation  of  spectra  of  the  brighter  gaseous  nebuUe,  by 

Scheiner  and  Wilsing.    /.  H.  Moore 18,  176 

Jupiter  and  his  system  [Miss  Ellen  M.  Qerke].    E.  S.  Holden. 4,  267 
Jupiter,  Mutual  occultations  and  eclipses  of  the  satellites  of, 

[J.  A.  C  Oudemans].    E,  A.  Path 19,  169 

Katalog   der   astronomischen   Gesellschaft,   Zone   +  70*    bis 

+  75*,  Berlin.    R.  T.  Crawford 22,  194 

Laboratory  manual  in  astronomy,  by  Mary  E.  Byrd.    R.  G. 

Aitken 11,    90 

Lancaster's  list  of  observatiories  and  astronomers 2,  304 

Latitude  work,  Results  of  the  international   (Th.  Albrecht, 

Volumes  I  and  II).    5".  D.  Townley 19,  139 

Lowell  Observatory  catalogue  of  double  stars.    R.  G.  Aitken. 10,  114 

Mars,  by  Percival  Lowell.     W.  W.  Campbell 8,  207 

Memorials  of  W.  C.  Bond.    E.  S.  Holden 9,  100 

Meridian-circle  observations  at  Washburn  Observatory.    R.  H. 

Tucker 6,  135 

Moon,  The,  by  W.  H.  Pickering.    R.  G.  Aitken 16,    42 

Moon,  The,  by  Thomas  Gwyn  Elger.    C.  M.  Gaudibert 7,  326 

Nebulae,  Spectroscopic  observations  of  the,  by  J.  E.  Keeler. 

B.  Hasselberg 7,    17 

New  astronomy  for  beginners  [D.  P.  Todd].    W.  J.  Hussey.. 10,  106 

New  celestial  atlas  9,  203 

New  celestial  atlas,  A.     E.  S.  Holden  9,  145 

Observational  astronomy,  by  Arthur  Mee  10,    37 

Personal  equation,   Papers  on  the   [E.  C.  Sanford].     E.  S. 

Holden 4,  261 
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Howe 18,  250 
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WrightJ.    E.  B.  Frost 23,  257 

Radioactivity,  Review  of  certain  researches  in,  that  have  a 
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Recent  double-sur  literature.    R,  G.  Aitkcn 20,  181 

Recent  double-star  observations.    R.  G.  A  it  ken 19,  170 

Researches  in  stellar  photometry  [J.  A.  Parkhurst].    S.  D. 

Tovtmley 19,    56 

Revision  of  Rowland's  system  of  wave  lengths  [Hartmann]. 

.  .S.  D.  TownUy 16,    y; 

Sheiner's  spcctralanalysc.  Translation  of.    W,  W.  Campbell, 

4.  269;  7,    71 

Second  catalogue  of  variable  stars.    5*.  D,  Townley 20,    41 

Second  Washington  star  catalogue.    R.  G,  Aitken 11,    53 

Sur  atlas  [ Winslow  Upton]   S,  273 

Stars,  The:  A  study  of  the  universe,  by  Simon  Newcomb. 

W,  ir.  Campbell 14,    51 

Stellar  motions,  by  W.  W.  Campbell.    £.  B,  Frost 28,  277 

Stellar  parallax  work  at  Yale  Observatory.    R.  G.  Aitken IS,  275 

Stnive  double  stars.  The,  by  T.  Lewis.    R.  G.  Aitken IS,  281 

Sun.  The,  by  C  G.  Abbot.    W,  H.  Wnght 24.  131 

System   of  Sirius  according  to   latest   observations    [H.   J. 

Zwiers].    W.  J.  Hussey 11,  163 

System  of  the  stars,  by  Miss  A.  M.  Gierke.    G.  E.  Hale 3.  180 

Textbook  of  astronomy  [G.  A.  Comstock].    S.  D,  Taumley.  .IX  133 

Thollon*s  map  of  the  solar  spectrum.    E.  S.  H olden 3,    45 

Test  of  a  transit  micrometer  [J.  F.  Hayford].    A.  S.  Flint.. IB,    90 

Translation  of  Aratus*  "The  Phenomena"  7,  348 

Trouvelot  astronomical  drawings.  The  S,    86 

Two  articles  on  cometary  motion.    B.  L.  Newkirk IS,    88 

Two  new  calculating  tables.    H.  D.  Curtis 21,  226 

Two  new  planispheres.    W.  J.  Hussey 8,    89 

Two  recent  volumes  of  double-star  measures.    R.  G.  Aitken.. 14,  106 
Untcrschungen  uber  die  astronomische  Refraction   [J.  Bau- 

schinger].    5.  D.  Townley  11,  214 

Young's  Sim,  New  Edition  of S,    28 

Zenographical   fragments,   by  A.   Stanley  Williams.     E.   S, 

Holden 1.    77 

See,  alvi,  AesTtACTS. 
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Ring  Nebulae:    See  Nebula. 

Rossi-FoREL  scale  of  earthquake  intensity 7,  123 ;  18,  219 

Rutherford's  negatives  of  the  Moon.    E.  S.  H olden 3,  373;  4,    38 

Satellites,  Capture  theory  of.    T.  J.  J.  See 21,  167 ;  23,  164 

See,  also,  Jupiter,  etc. 

Saturn  and  Mars,  Conjunction  of,  September  20,  1889.     IV,  E. 

Downs 1,    71 

Diameter  of  Titan,    W.  J.  Hussey 15,    21 

Eclipse  of  Japetus,  November  i,  1889.    E.  E.  Barnard 1,  126 

Eclipses  of  satellites  of,  Observations  of.    R.  G.  Aitken 17,  189 

of  satellites  of,  occurring  in  1906.    H.  Struve 18,  203 

and  transits  of  satellites  of,  in  1907.    //.  Struve 19,  125 

and  transits  of  satellites  of,  in  1908.    H.  Struve 20,  156 

Lost  rings  of.    A.  B.  Turner 19,  189 

New  satellite  of.    E.  C.  Pickering 11,    90 

Phcehe,  Note  on   16,  272 

observation  of.    C.  D.  Perrine 16,  267 

Reobservation  of.    S.  D.  Perrine 18,  271 

Observations  and  drawings  of,  (1879-1889).    E.  S.  Holden...3,    11 
of  conjunction  of,  with  Mars  (September,  1889).     E.  E, 

.Barnard 1,    82 

of  satellites  of.    W.  J.  Hussey 14,    54 

of  the  white  spot  on.    C.  D.  Perrine 15,  222 

Occultation  of.  May  25,  1893.    /.  Tebbutt 6,    23 

of  Japetus,  1890.    E.  E.  Barnard  2,  131 

Rotation  of.     W.  J,  Lockyer 6,  174 

Spectroscopic  observations  of,  at  Allegheny.    /.  E.  Keeler 7,  154 

Square-shouldered  aspect  of.    E.  S.  H olden 2,  193 

Times  of  elongation  of  Mimas.    W.  J.  Hussey 13,  157 

Saturn's  rings  in  1907,  Observations  of.  R.  G.  Aitken 20,    17 

ScHiAPARELLi,  G.  V.,  Address  of  the  president  of  the  society  in 

awarding  the  Bruce  Medal  to.    /.  Dolbeer 14,    yj 

Science  observer  code  in  foreign  countries.    E.  S.  H olden 8,  190 

Scientific  expedition  to  the  summit  of  Mt.  Blanc.    E.  S.  H olden. Z,   50 
societies,  Note  on  the  history  of.    E.  S.  H olden 3,  284 

Seismographs,  Magnifying  ratios  of  Ewing,  of  three  components, 

and  of  the  duplex  pendulum.    C.  D.  Perrine 10,    72 

Seismological  stations  in  Cahfomia.    A.  O.  Leuschner 18,  218 

See,  also.  Earthquakes. 

Shooting- Star,  Path  of  a.    T.  Kohl 3,  35^ 


Index  to  Subjects  117 

Shu>tinc- Stars,  Obser\-ations  of.    P.  Stroobant S,    9' 

S«,  also.  Aerolite  and  Meteors. 

Snuvs :  Sec  under  Double  Stars. 

SoLvR  Conference,  The.    5.  D.  ToumUy 22,  199 

C<«ONA,  The.    y.  .U.  Schaebcrle  2.  260 

The.    H'.  ir.  Campbell 19.    71 

A  bolometric  study  of  the.    C.  G.  Abbot 20,    86 

Law  of  the.    F.  H.  Bigelaw 3,    34 

Mechanical  theory  of  the.    /.  M.  Schaebcrle  2,    68 

of  January,  1889.  from  photographs.    H.  S.  Pritchctt 3,  155 

On  Photographing  the,  without  an  eclipse.    W,  IV.  Camp- 
bell   7,    62 

Polarization  of  the  light  in  the.    R.  Young 24,  123 

Results  of  an  effort  to  determine  motion  within  the.  JV.  IV. 

Campbell  and  C.  D.  Pcrrine 19,  159 

Reversing  layer  of  the.    E.  5.  Holden  9,  100 

See.  also.  Corona  and  Eclipse. 
Crem  ents.  Simple  method  of  computing  the  length  of  slen- 
der uneclipsed.    G.  B.  Blair 19,    84 

Ecupse:    See  Ecupse. 

XUoNETic  fields  and  related  phenomena.    G.  E.  Hale 22,    63 

Ob>er\ations.  a  few  hints  to  beginners  in.    Muss  E.  Broicn..3,  172 

i8gi  to  1895,  June.    D.  E.  Madden 7,  299 

1895,  August  to  December,  and  1896.    D.  E.  Madden 9,    77 

1897 10,  116 

in  India 19,  214 

Obser\'atory  : 

Development  of  a  new.    G.  E.  Male 17,    41 

Five-f<K>t  reflector  of  the.    G.  E.  Male IS,  224 

Five-foot  reflector  of  the.    G.  IV.  RUchey 17,  186 

Note  on  the.    IV.  IV.  Campbell 17,    64 

\otes  from  the.    IV.  S.  Adams 23,  201 

One-hundred-inch  mirror  for  the.    G,  E.  Male IS,  272 

One-hundred-inch  telescope  of  the.    \V.  S.  Adams 28,  257 

Organization   of  the  computing  division  of  the.     G.   E. 

Male IS,  223 

Personal  notes IS,  228 ;  19,  244 

Progress  of  work  at  the 17,  158 ;  19,  243 

Tests  of  the  Snow  telescope.    G.  E.  Male 17,  100;  IS,    7^ 

Tests  of  the  vertical  coelostat,  or  "tower  telescope"  of  the. 

G.  E.  Male 20,    35 

Tower  telescope.  The  150- foot.    G.  E.  Male 24.  223 

Visit  to  the.    //.  D.  Curtis 24.  205 

Water  system  for  the.    G.  E.  Male 17,  109 
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Parallax  : 

Constant  of  aberration  and  the.    F.  Schlesinger 15,    45 

from  Eros.    S.  D.  Townley 16,  225 

from  Lick  Observatory  negatives  of  Eros.  C.  D.  Perrine.. IS,  267 
from  photographic  right  ascensions  of  Eros  at  the  opposi- 
tion of  1900 21,  177 

from  spectroscopic  observations 14,  204 

from  transit  of  Venus  photographs  of  1882  3,    46 

observations  made  at  the  Lick  Observatory  13,    33 

Spectroscopic  determination  of.    /.  H.  Moore 17,  197 

A.  B.  Turner 24,  211 

Spectroscopic  observations  of  Venus  for.    K.  Bums 19,  196 

work,  Progress  on  the  Crossley  Eros.    C.  D.  Perrine 20,  184 

Physics,  A  brief  review  of  recent  progress  in.    H.  D.  Curtis. IS,  133 

Radiation,  Note  on  the  variation  of 16,  224 

Research,  Fourth  conference  of  the  International  Union  for 

Cooperation  in.    H.  C.  Wilson 22,  169 

Opportunities  for.    G.  E.  Hale 19,    27 

Program  of.    G.  E.  Hale 18,    59 

Spectrum,  Photographic  map  of  the  normal  [H,  A.  Rowland]. 6,    55 
Thollon's  map  of  the.    E.  S.  Holden 3,    45 

Statistics 2,    yj 

Surface,  Photograph  of  the,  made  at  the  Lick  Observatory. 

E.  S.  Holden  9.    39 

System,  Evolution  of  the.    S.  D.  Townley 17,  199 

Motion  of  the,  in  space  [O.  Stumpe].    E.  S.  Holden 3,    42 

Motion  of  the.     W.  W.  Campbell 5,  104 

Preliminary  determination  of  the  motion  of  the.     W.  W. 

Campbell 13,    51 

Vortices.    G.  E.  Hale 20,  203 

and  the  Zeeman  effect.    G.  E.  Hale 20,  220 

See,  also.  Sun. 

Southern  Cross  and  the  Republic  of  Brazil  2,  252 

telescope,  A  large.    E.  C.  Pickering  4,  214 

Spiral  Nebul>e,  and  globular  star  clusters.  Spectra  of  some. 

E.  A.  Path  21,  138 

Three  interesting.    H.  D.  Curtis 24,  227 

Spectra,  Application  of  the  Crossley  reflector  to  the  study  of  very 

faint.    //.  K.  Palmer 15,  154 

and  proper  motion  of  stars.    IV .  H.  S.  Monck 9,  123 

Notes  on  stellar.    /.  E.  Keeler  1,    80 

of  iron   and  titanium.   Effect  of  gaseous  pressures  on  the. 

H.  G.  Gale  and  IV.  S.  Adams 23,  264 

of  R  Scuti  and  W  Cygni.    R.  H.  Curtiss 16,  270 
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SrtcntA  (Continued)  : 

of  nebulae.  On  the  wave-length  of  the  second  line  in  the. 

/.  £.  KftUr  2.a8i 

See,  also,  SpccnuM,  Nebula,  Stellar,  Sun. 

SrcmAL  lines.  On  the  constancy  of  wave-length  of 19,  263 

SrtcnoGRAMs.  Methods  of  measurement  and  reduction  of,  for 

determination  of  radial  velocities.    /.  H.  Moore 19,    13 

Proposed  method   for  the  measurement  and   reduction   of. 

R.  H,  Curiiss 1«.  243 

SncnocaAPHic  observations  of  Spica,  at  Potsdam.    /.  E.  Keeler^X    Af^ 

SpccTVosoonc  Binaky  Stae- 

/»  Conix  A/iiiorw,  Period  of.    S.  Atbrecht 21.    84 

fi  Capricomi,  Orbit  of.    P,  IV.  Merrill 22,  136 

fiHerculis,  Oxhxxol    IV.  W.  Campbell 12,    39 

Capella,  Observations  of.    IV,  W.  Campbell 13,  168 

Orbit  of.    //.  M.  Reese 13,  170 

Castor,  a  qitadmple  star.    W.  IV.  Campbell 16,  aoo 

System  of.    H.  D.  Curtis 18.  132 

I  Cephei.    IV.  W.  Campbell 7,    68 

iEqnmlei,  Radial  velocities  in  the  system.    IV.  W.  Campbell.. 13,  164 
I  Ononis,  Velocity  of,  in  the  line  of  sight.    IV .  IV.  Campbell.. IX  167 

t  Aqulia,  Belopolsky*s  researches  on 10,    41 

t  Pegasi,  Observations  of.    IV.  W.  Campbell 13,  158 

Orbit  of.    R.  T.  Crawford 13.  i6n 

» Pegasi,  Definitive  orbit  of.    H.  D.  Curtis 16,  117 

«  Pegasi,  The  triple  star.    IV.  IV.  Campbell 12,  202 

X  Andromtdee,  Orbit  of.    K.  Bums 18,  306 

XHydree.    J.H.Moore  18,    67 

Polaru,  Radial  motion  of.    IV.  IV.  Campbell 18,  307 ;  22,    35 

Radial  velocity  in  the  system  of.    IV.  IV.  Campbell 13,  165 

Variable  velocity  of,  in  the  line  of  sight.  IV.  W.  Campbell. \\,  195 
S  Sagittm  and  Y  Sagillarii,  Radial  velocities  of.  R.  H.  Curtiss.lS,  268 
SL'  Cygni,  Variable   radial   velocity  and   period   of.     /.   D. 

MaddnU  . 18,  252 

Sirius,   Variable   radial  velocity   of,   and   inclination   of   its 

orbit  pUne.    H\  IV.  Campbell 17,    66 

$Draconis,  Orbit  of.    H.  D.  Curtis 19.  259 

U  Aquila.    S.  Albrecht 18,  142 

W  Sagitarii,  A  study  of  the.    R.  H.  Curiiss 16,  243 

Y  Opkimcki.    S.  Albrecht 18,    66 

SPBrn»sroMC  Binakv  Stars.    R.  G.  Aitken 10,  26;    11.  254 

A  study  of.    W.  W.  Campbell 22,    47 

First  catalog  of.    IV.  W.  Campbell  and  H.  D.  Curtis 18.    62 

Methods  of  determining  the  orbits  of.    H.  D.  Curtis 20,  133 
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Spectroscopic  Binary  Stars  (Continued)  : 

New.     W.  W.  Campbell  11,  54.  129, 

252;  13,  31,  163;  14,  132;  17,  24;  19,  241;  20,  293;  22,    99 

JV.  W,  Campbell  and  /.  H.  Moore 18,  137.  308;  19,  240 

//.  D.  Curtis  21,  208 

H,  M.  Reese , 15.    20 

50  new,  discovered  with  the  60-inch  reflector  at  Mount  Wilson. 

W.  S.  Adams 24,  129 

Orbits  of  a  Carince,  «c  Velorum  and  a  Pavonis.    H.  D.  Curtis.  .19,  259 
of  P  Herculis  and  0  Leonis.    H.  C.  Plummer 20.  234 

See,  also,  Double  Stars,  Radial  Velocity. 

Spectroscopic  design,  Some  points  in.    H.  C.  Lord 11,  208 

investigations  at  Johns  Hopkins  University  3,  130 

measurements.  Application  of  interference  methods  to.    A.  S. 

Michelson    4,  190 

Spectroscopy,  Bibliography  of  7,  130 

Spectrum,  of  Alcyone.    W.  W.  Campbell 5,  231 

of  7  Argus,  The  visible.    W.  IV.  Campbell 5,  106 

of  P  Cygni,  Note  on  the.    P.  W.  Merrill 23,  236 

of  the  aurora.  On  the  origin  of  the  principal  line  in  the. 

W.  W.  Campbell 11,    51 

of  the  brighter  Class  A  stars,  Visual  region  of  the.    E.  Phabe 

Waterman 25,  123 

of  the  nebulae.  Influence  of  physiological  phenomena  on  visual 

observations  of  the.    /.  E.  Keeler  10,  141 

The  flash.    S.  A.  Mitchell 14.    75 

The  iron.    K.  Bums  25,  11 1 

Standard  Time.    Elliott  Smith 17,  201 

in  the  Australian  Colonies   7,  119 

See,  also,  Time. 

Star  Atlas,  Correction  to  the  second  edition  of  the  "Atlas  des 

nordlichen  gestinnten  Himmels."    R.  T.  Crawford 17,    66 

Star  Catalogue: 

A.  G.  Zone  —9'  50'  to  — 14*  10'.    A.  Searle 9,    40 

Completion  of  the  Washington  Zone  — 13*  50'  to  — 18'  10'. 

A.  N.  Skinner  8.  330 

Errata  in  the  second  Armagh.    /.  L.  E.  Dreyer  3,  292 

International  fundamental 9,  106 

Note  on  Piazzi's.    E.  Smith 17,  202 

of  the  Astronomische  Gesellschaft,  Note  on  the 14,  146 

The  Radcliffe,  for  1890,.  R.  H.  Tucker 7,    70 

Star  Catalogues.    Elliott  Smith  16,  193 

Errata  in.    R.  G.  Aitken 10,    39 
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Sta«  Cataijogues  (Continued)  : 

If.  y.  Hussey II.  259 

C.  D.  Perrine S,  99.  W;  10,  155;  H,    $2 

Probable  error  of  a  single  observation  in  some  frequently 

used    £.  S.  Holden  9.  107 

Stae  Chabts,  Indexes  to 2,  1 18 

See.  also.  Charts. 

cluster.    See  Cluster,  and  Globular  Clusters. 

clusters.  Variable.    E.  C.  Pickering 7,  346 

Docs  the  color  of  a,  indicate  its  age?    IV.  M.  Pierson 2,  105 

maps,  A  series  of  six.    C  D.  Perrine 10,    15 

positions  and  galactic  co-ordinates.    R.  T.  Innes 28,  231 

spectra  in  which  two  or  more  of  the  hydrogen  lines  are  bright. 

ir.   W.  Campbell  8,228 

stream  in  Taurus,  A  remarkable.     W.  IV.  Campbell 20,  277 

streaming.     B,  L,  Newkirk  19,    59 

trails.  Uses  of.  in  measurements  of  position  or  brightness. 

E   S.  Holden  1,    83 

with  a   remarkable  radial  velocity.     IV.  S.  Adams  and  A, 

KohUckutter 28.  289 

Stars: 

and  atoms.  Some  speculations  regarding 16,    38 

Determination  of  the  brightness  of,  by  photography.     E.  S. 

Holden 1.  112 

Distances  of  the.    H.  D.  Curtis 23,  143 

Drifts  of   20,  120 

International  catalog  of  fundamental   9,  106 

Kapteyn's    contributions    to   our    knowledge   of   the.     /.   D. 

Callaway 14,    97 

Number  of,  in  the  universe.    R,  H.  Tucker 28,  199 

Number  of.  shown  on  some  stellar  photographs   [Dr.   Max 

Wolf).    £.  S.  Holden 4,  155 

ob*ierved  with  the  Repsold  meridian  circle  of  the  Lick  Ob- 

Mrr\'atory.     /.   Af.   Schaeberle   2.  308 

of  the  Orion  type,  with  bright  hydrogen  lines.     W.  S.  Adams 

and  Jennie  B.  Lasby 23.  240 

PhtKographic  brightness  of  the  fixed.    /.  3f.  Schaeberle 1,     51 

Some,  with  great  radial  velocities.    W.  S.  Adams  and  Jennie 

B.  Lasby 23.  230 

Spectra  and  proper  motion  of.     W.  H.  S.  Monck 9,  123 

Temperature  on  the  surface  of  the  fixed.    /.  Scheiner 6,  172 

Total  light  of  the.    5.  D.  Toumley    18.     13 

with  different  spectra.  Proper  motion  of.     IV,  H.  S.  \fon4k..4,    98 
See.  also,  OcnaTATioN,  Parauax,  Proper  Motion,  Radial 

Vtxoc-iTY.  Spectra. 
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Stellar  distance,  The  unit  of.    H,  D.  Curtis ,.,..,.... 25,  213 

distances,  Early  knowledge  of 14,  170 

evolution,    Present    status   of   the   problem    of.     E.   Phabe 

Waterman 25,  189 

magnitude,  Absolute  scale  of,    R.  H.  Tucker 25,  144 

magnitude.  The  determination  of,  by  means  of  photography 

with  note  by  /.  Af.  Schaeberle.    C,  V,  L.  CharHer 3,  288 

motions  in  the  line  of  sight,  On  the  progress  made  in  the  last 

decade  in  the  determination  of.    H.  C.  Vogel , 12,  223 

parallax.    F.  P.  Leavenworth 6,  209 

parallax.  Note  on  10,  124;  13,  133 

photographs.  Examination  of.    E,  S,  H olden 1,    75 

photographs.  Note  on  some  simplifications  in  the  reduction  of. 

C.  D.  Perrine 15,  309 

photography,  The  future  of.    G.  P.  Bond  2,  300 

spectra,  The  classification  of.    W.  W,  Campbell 5,  102 

spectra.  Notes  on.    /.  £.  Keeler 1,    80 

spectral  types  and  the  intensities  of  certain  lines  in  spectra. 

On  the  relation  between.    S.  Albrecht 19,    49 

spectroscopic  notes.    W.  S.  Adams  25,  258 

system.  To  what,  does  our  Sun  belong?    /.  C.  Kapteyn 4,  259 

variation,  The  cluster  ty^t  of.    C,  C,  Keiss *. 24,  186 

Students'  Observatory,  Berkeley: 

Dedication  of  the.    W.  W,  Campbell 16,  65 

History  and  aims  of  the.    A,  O.  Leuschner 16,  68 

Lectures  at  the 17,  61 ;  20,  97 ;  21,  85 

Measurement  of  photographic  plates  at  the.    B.  L.  Newkirk.  .17,  65 

Notes  from  the.    A.  O.  Leuschner 18,  14;  23,  234 

Personal  notes 2,  250;  17,  114;  18,  86;  19,  89,  262;  25,  172 

Photographic  equatorial  of  the.    A.  F.  Gillihan 16,    89 

Visitors  to  the.    A.  O.  Leuschner 17,  130 

Sun: 

Qassification  of  the  hydrogen  (Ha)  flocculi.    G.  E.  Hale 22,  142 

Comparative  study  of  the  spectra  of  the  limb  and  center  of 

the.    G,  E.  Hale  ^nd  IV.  S.  Adams 20,    27 

Distance  of  the.    S,  D.  Townley 17,  196 

Eclipse  of  the.    See  Ecupse. 

Figure  of  the.    S,  D.  Townley 17,  165 
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THE  AWARD  OF  THE  BRUCE  MEDAL  TO  DR.  J.  O. 
BACKLUND. 


By  Alexander  McAdie. 


In  accordance  with  the  vote  of  the  Directors,  acting  on  the 
recummendations  of  the  nominating  astronomers  at  home  and 
abroad,  it  becomes  the  pleasant  duty  of  the  retiring  President 
to  announce  the  award  of  the  Bruce  Gold  Medal  of  the  Society 
to  Dr.  JoHANN  OsKAR  Backlund,  EHrcctor  of  the  Russian 
Rov-al  Observatory,  at  Pulkowa.  Dr.  Backlund  is  the  eleventh 
recipient  of  the  medal,  and  it  is  of  interest  to  know  that  he 
makes  the  list  of  medalists  more  truly  international  in  charac- 
ter, representing  in  himself  both  Sweden  and  Russia.  Ger- 
many. Great  Britain,  Italy,  France,  Holland,  and  the  United 
States  are  already  represented,  and  South  Africa,  if  we  credit 
Sir  DAvm  Gill  to  the  Cape  of  Good  Hope.  Like  many  distin- 
guished American  astronomers,  Backlund  has  exacting  admin- 
istrative duties,  due  to  his  position  as  Director  of  a  large 
observatory.  He  does  not  represent  what  might  be  called  the 
popular  type  of  astronomer,  but  rather  the  painstaking,  thoroly 
patient  investigator,  content  to  take  some  difficult  problem  and 
give,  if  necessary,  a  life-time  to  the  solution. 

A  professional  astronomer  alone  can  do  justice  to  Back- 
lund's  work;  and  your  President,  not  being  such,  has  felt  it 
wise  to  rely  upon  the  kind  assistance  of  a  former  recipient  of 
the  Bruce  Medal,  Professor  E.  C.  Pickering. 

Backlund*s  chief  research  work  has  been  in  connection  with 
the  determination  of  the  motion  and  brightness  of  Encke*s 
Comet,  the  earliest  discovered  short-period  comet  and  one  that, 
vith  the  exception  of  Halley's  Comet  (a  long-period  comet), 
has  been  more  closely  studied  than  any  other.  F'irst  seen  in 
178^)  by  Mechain  and  Messier,  the  comet  was  rediscovered  by 
Mi<s  Caroline  Herschei.  in  1795.  In  1805  Pons,  Huth  and 
lS4>rN  ARi)  saw  it  on  the  same  day.  In  1818  Pons  rediscovered 
it,  and  in  18 19  Encke  showed  that  it  moved  in  an  elliptic  orbit 
Hith  approximately  a  three-year  period.  By  1820  he  was  able 
i.>  show  that  the  period  was  diminishing. 
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To  quote  from  Professor  New  all*  : — 

"In  Bode's  Jahrhuch  for  1826  (May,  1823)  comes  Encke's  first  serious 
consideration  of  a  resisting  medium,  which  Newton  had  never  dis- 
countenanced and  which  Laplace  and  Euler  had  not  succeeded  in 
demonstrating.  Encke  there  quotes  from  a  letter  of  Olbers,  written  in 
answer  to  his  inquiries,  a  passage  relating  to  the  possible  comparability 
of  the  density  of  the  comet  and  the  density  of  the  material  of  the 
zodiacal  light ;  and  thus,  whereas  the  earlier  papers  of  Encke  have  titles 
which  refer  to  Pon's  comet — ^a  name  which  he  always  adhered  to,  in 
spite  of  the  remonstrances  of  Bode  and  many  others — the  title  of  his 
last  (1858)  summary  of  work  on  the  subject  {Berl  Jahrbuch,  1861, 
abstracted  in  English  in  M.  N.,  xix,  70-75)  is  *On  the  existence  of  a  re- 
sisting medium  in  space/  " 

The  comet  reappeared  in  1822,  1825,  and  1828,  its  perihelion 
passages  being  calculated  in  advance  on  the  basis  of  the  ex- 
istence of  a  resisting  medium.  The  assumptions  were  that  the 
resistance  of  the  medium  was  proportional  to  its  density  and 
the  square  of  the  velocity  of  the  comet ;  also  that  the  density 
of  the  medium  varies  inversely  as  the  square  of  the  distance 
from  the  Sun.  The  action  of  the  medium  on  the  comet  was 
represented  by  a  tangential  force  given  in  a  certain  equation. 
In  brief,  the  argument  was  that  the  motion  of  Encke's  Comet, 
especially  the  gradual  increase  in  the  mean  motion,  could  be 
accounted  for  on  the  assumptions  made  above.  The  argument, 
however,  was  not  satisfactory  in  connection  with  planetary  per- 
turbations. After  Encke's  death  the  problem  was  carried  fur- 
ther by  von  Asten  and  Dr.  E.  Becker.  Von  Asten  went  to 
Pulkowa  in  1870  and  continued  the  investigation  of  the  theory 
of  the  motion  of  Encke's  Comet  on  the  basis  of  absolute  per- 
turbations. 

Von  Asten  died  in  1878,  and  from  that  time  unto  the  present 
Dr.  Backlund  has  continued  the  work.  Finding  that  the  ap- 
paritions of  1871-1881  contradicted  previous  hypotheses  and 
rather  suggested  that  the  constant  of  resistance  had  changed. 
Backlund  determined  to  calculate  afresh  the  whole  series  of 
perturbations  from  181 9.  Thru  the  support  of  the  Academy 
of  Sciences  of  St.  Petersburg  and  the  generosity  of  M.  E. 
Nobel  he  published  in  six  volumes  the  perturbations  of  the 
orbit  due  to  the  planets  Mercury,  Venus,  Earth,  Mars,  Jupiter, 

»  Monthly  Notices  R.  A.  S.,  69.  324,   1909. 


Astronomical  Society  of  the  Pacific.  \J 

and  Saturn  from  1819  to  1891,  embracing  twenty-two  revolu- 
tions and  twenty-three  apparitions  of  the  comet.  The  first  re- 
sult was  that  with  regard  to  acceleration,  the  twenty-three 
apparitions  could  not  be  connected  as  a  whole ;  and  the  period 
was  therefore  divided  into  three  parts:  1819-1858,  1858-1871, 
1871-1891.  The  main  results  in  brief  are  that  the  acceleration 
was  on  an  average  constant  during  1819-1858,  diminished  in 
1858  and  in  1868,  and  was  again  constant  in  1871-1891.  In 
addition  to  these  changes,  a  well-established  periodic  change 
occurs  at  least  in  the  interval  1819-1858.  Further,  the 
mass  of  Mercury  appears  to  be  well  determined.  The  value 
1/9,700.000  must  be  considered  as  a  close  approximation  to 
the  truth;  and  the  mass  of  Venus  is  possibly  less  than  the 
assumed  value  1/40 1 339- 

To  quote  again  from  Professor  Newall: — 

"Dr.  Bai  KLL'ND  ha<  considered  the  hypothesis  that  the  comet  crosses 
a  meteoric  ring  in  the  neighborhood  of  the  perihelion;  but  he  rejects 
it  a»  improbable  in  many  respects,  and  as  incapable  of  explaining  many 
partictilars.  He  points  out  that  the  greatest  outstanding  errors  occur 
tn  the  perihelion  passages  in  i82S«  i8j8.  1848,  which  were  years  of  great 
»un-spoc  activity.  About  1858  the  first  abrupt  change  in  the  accelera- 
tion took  place,  and  1 860.1  is  registered  as  a  year  of  maximum  solar 
activity.  The  change  in  1868  is  not  far  from  the  maximum  of  1870; 
and  lastly,  the  well-deterroined  abrupt  change  of  1895  is  close  to  the 
maxtmnm  in  1894.  It  seems  that  these  coincidences  can  hardly  be  mere 
chance.  But  Dr.  Backlund  regards  his  task  as  completed  when  astro- 
met  ry  in  his  hands  has  been  made  to  deliver  up  all  the  facts  at  present 
attainable  with  respect  to  the  kinematics  of  the  comet.  We  can  well 
imagine  with  what  satisfaction  Dr.  Backlund  views  the  disappearance 
of  the  long-outstanding  difficulty  with  regard  to  the  derived  mass  of 
Uercmry.  the  constancy  of  which  offered  such  a  splendid  guarantee  for 
the  accuracy  and  trustworthiness  of  the  whole  investigation. 

While  his  work  on  Encke's  Comet  has  been  his  chief  inves- 
tigation, a  work  which  by  itself  won  the  award  of  the  Gold 
Medal  of  the  Royal  Astronomical  Society  in  igoQ,  B.vcKLrxn 
has  inade  many  other  notable  contributions  to  theoretical  astron- 
omy. Among  these  may  be  mentioned  his  investigation  on  the 
motion  of  minor  planets  of  the  Hecuba  type,  carried  on  along 
the  lines  bid  out  by  Gvu)EN  ;  a  defense  of  Gvl!)En's  methwl 
again«it  attacks  by  other  theoretical  astronomers;   and  a  val- 
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uable  investigation  of  the  Theory  of  Precession  and  Nutation, 
in  which  he  succeeded  in  a  development,  where  Laplace, 
Stockwell,  and  Adams  had  failed.  In  this  the  long-period 
periodic  planetary  terms  caused  trouble.  Laplace  and  the 
others  failed  because  they  sought  to  find  the  general  solution, 
retaining  the  long-period  periodic  terms,  and  wishing  to  derive 
the  planetary  terms  through  ordinary  quadratures.  Back- 
LUND,  on  the  other  hand,  succeeded  by  not  separating  them 
from  the  nutation  terms,  but  by  deriving  them  in  the  same 
way  as  the  long-period  elementary  terms  in  his  treatise  **Ueber 
<lie  Bewegung  kleiner  Planeten  vom  Hecubatypus.'* 

In  closing,  I  wish  to  mention  some  of  the  other  honors  that 
have  been  conferred  upon  our  medallist.  In  addition  to  the 
award  of  the  Gold  Medal  of  the  Royal  Astronomical  Society, 
to  which  reference  has  been  made,  he  was  honored  by  Gun- 
bridge  University  in  1904,  when  he  was  awarded  its  "Doctor 
in  Science"  honoris  causa.  Four  other  eminent  scientists — 
namely,  David  Gill,  Norman  Lockyer,  William  Ramsay. 
and  Arthur  Schuster — were  g^ven  the  same  degree  by  Gun- 
bridge  at  this  time.  In  1905  the  honorary  Doctorate  was  con- 
ferred by  the  University  of  Kapstadt  upon  Backlund  and 
<}.  H.  Darwin,  David  Gill,  and  J.  C  Kapteyn. 


THE    GREAT    AND    THE    SMALL— PRESIDENTIAL 

ADDRESS. 


By  Alexander  McAdie. 


Members  of  tlie  Astronomical  Society  of  the  Pacific: 

By  a  wise  unwritten  law  of  this  Society,  a  layman  is  elected 
President  every  alternate  year.  In  the  present  instance,  the 
wisdom  of  the  custom  is  not  so  readily  apparent,  and  your 
President,  conscious  of  short-comings  even  in  the  modest  role 
of  layman,  tried  his  best  to  escape  the  honor  which  his  fellow 
<lirectors  saw  fit  to  offer.  As  a  layman,  however,  it  has  been 
his  rare  privilege  to  know  well  many  astronomers,  and  because 
•of  their  patience  and  forbearance  he  has  absorbed  certain  in- 
formation  which  leads   him   to  believe  that  astronomy,  pre- 
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eminently  the  science  of  vast  dimensions,  is  none  the  less 
vitally  concerned  with  aerology,  a  new  science  and  one  of  com- 
paratively limited  distances. 

The  thickness  of  the  Earth's  atmosphere,  compared  with 
the  diameter  of  the  Earth,  is  as  a  sheet  of  tissue  paper  to  the 
thickness  of  a  good-sized  book.  Compared  with  the  Sun's 
diameter,  the  ratio  would  be  tissue  paper  to  one  hundred  vol- 
umes ;  or,  to  the  distance  of  the  Sun,  as  tissue  to  one  hundred 
times  the  hundred  volumes;  and,  finally,  if  we  compare  the 
<!cpth  of  the  atmosphere  with  the  distance  to  the  nearest  star, 
the  ratio  would  be  something  like  a  sheet  of  paper  to  thirty- 
six  hundred  rows  of  books,  each  row  containing  a  million 
volumes.  Plainly,  astrometry,  compared  with  aerometry,  is  as 
the  great  to  the  small;  and  one  might  hastily  infer  that  our 
atmosphere  is  a  negligible  quantity.  Yet  the  greater  is  some- 
times dependent  on  the  less,  and  from  astronomers  themselves 
we  gather  that  they  have  their  troubles  due  to  the  Earth's 
atmosphere;  for  did  not  the  President  of  the  Royal  Astro- 
nomical Society,  speaking  at  the  annual  dinner  of  the  Royal 
Meteorological  Society  not  long  ago,  say,  half  jocularly,  half 
in  earnest,  that  the  **ideal  world  of  the  astronomer  would  be 
a  world  in  which  no  atmosphere  existed  and  there  were  no 
science  of  meteorology  and  no  meteorologists"  ?  Undoubtedly, 
this  would  be  the  easiest  solution  of  certain  problems  from 
the  astronomical  point  of  view,  if  it  were  not  that  astronomers, 
like  other  people,  must  live. 

It  was  in  California,  it  will  be  remembered,  that  an  early 
attempt  was  made  to  free  the  astronomer  from  some  of  his 
troubles  due  to  dust-laden  atmosphere  and  the  aberration  of 
the  image  by  non-homogeneous  air  strata.  In  the  history  of 
the  Lick  Observatory,  we  have  a  striking  illustration  of  in- 
creased cflSciency  due  in  part  to  favorable  atmospheric  environ- 
ment. Again,  at  the  Mt.  Wilson  Solar  Observatory,  an  insti- 
tution devoted  specially  to  the  study  of  the  one  near  star,  our 
Sun,  the  necessity  of  a  pure  and  steady  atmosphere  has  been 
*hown  to  be  all-important.  The  latter  observatory  and  the 
Smithsonian  Astrophysical  Observatory  have,  thru  unusual 
atmospheric  opportunities,  virtually  developed  a  new  field  of 
research,  one  as  yet  without  a  name  and  for  which  until  a  more 
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appropriate  name  shall  be  given  we  propose  "solclimatics," 
asking  forgiveness  for  the  violence  done  our  mother  tongue. 

In  this  field,  where  research  practically  began  with  Lang- 
ley's  work  in  determining  the  value  of  the  solar  constant  and 
the  coefficients  of  absorption  for  various  radiations,  checked  by 
his  observations  at  Mt.  Whitney,  such  questions  as  the  relation 
of  seasonal  abnormalities  of  pressure  and  temperature,  precipi- 
tation with  variation  in  the  solar  output,  and,  in  brief,  all 
questions  relating  to  climate  control  by  variation  of  solar  out- 
put, will  call  for  co-operative  work  by  aero-physicist  and 
astronomer.  The  former  must  furnish  whatever  data  are 
required  relating  to  air  movement,  the  absorption  and  radiation 
of  heat  at  various  levels  in  the  atmosphere,  and  the  departures 
due  to  the  presence  of  water  vapor.  Nor  can  the  aerolog^st 
longer  content  himself  with  assumed  conditions  and  employ 
formulae  and  equations  of  limited  application.  He  must  deal 
with  the  atmosphere  as  it  is ;  that  is,  as  modern  exploration  is 
showing  it  to  be,  a  non-adiabatic  atmosphere  and  not  a  dry, 
pure,  perfect  gas. 

At  this  point  reference  may  properly  be  made  to  the  units 
now  coming  into  use  in  aerological  work.  In  the  Monthly 
Weather  Review  for  August,  1908,  there  appeared  a  paper  by 
McAdie  on  the  need  of  more  rational  units  in  aerology ;  and 
giving  an  original  method  of  recording  pressure  variations  in 
percentages  or  permillages  of  a  standard  atmosphere.  The 
paper  was  extensively  commented  upon  and  aroused  much  dis- 
cussion. In  the  Monthly  Weather  Review  for  March,  1909, 
Dr.  W.  KoppEN,  Director  of  the  Deutsche  Seewarte  at  Ham- 
burg, pointed  out  that  if  pressure  were  measured  in  bars  or 
millibars,  as  employed  by  Bjerknes.  Sandstrom,  and  others, 
the  advantages  of  the  percentage  system  proposed  by  Mc.\die 
would  be  realized,  with  the  additional  gain  that  all  pressures 
would  be  expressed  in  dynamic  units.  In  other  words,  Kop- 
pen's  proposal  was  to  use,  instead  of  sea-level  pressure,  the 
pressure  normally  found  at  a  height  of  348  feet,  or  106  meters. 
This  would  change,  then,  from  the  former  barometric  standard 
of  29.92  inches,  or  760  millimeters  (at  latitude  45°).  which  in 
force  units  would  be  1,013,303  dynes,  to  the  even  1,000,000 
dynes,  corresponding  to  reading  29.53  inches,  or  750  milli- 
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meters.  Dr.  Koppen  also  presented  to  the  Aerological  G>n- 
gTC5s  at  Monaco  in  April,  1909,  a  strong  plea  for  the  use  of 
dynes.  During  1909  and  1910  the  writer  urged  the  adoption 
of  these  units  by  the  U.  S.  Weather  Bureau,  but  without  suc- 
cess. In  the  American  Journal  of  Science  for  October,  1910, 
and  in  other  publications  he  has  shown  the  advantages  result- 
ing from  the  adoption  of  these  units.  In  1910  there  was  pub- 
lished by  the  Carnegie  Institution  the  first  volume  of  "Dynamic 
Meteorology  and  Hydrography,'*  by  the  well-known  investi- 
gator, V.  BjERKNES  and  collaborators.  Bjerknes  significantly 
says : — 

"In  meteorology  it  is  common  to  give  the  barometric  pressure  in 
milHmeters  or  inches  of  mercury.  The  millimeter  division  is  not  in 
the  least  more  rational  than  the  division  into  inches.  Neither  of  them 
ha«  anything  to  do  with  absolute  units.  The  consequences  of  this 
irrationality  have  not  yet  been  severely  felt  because  the  barometric 
records  have  until  now  served  for  qualitative  purposes  mainly.*' 

So  far  as  known  to  me,  no  actual  use  of  the  new  imits  (pres- 
sure in  millibars  and  temperature  in  degrees  absolute  centi- 
grade )  was  made  in  the  United  States  except  by  the  writer,  at 
San  Francisco  in  the  period  1909-1913.*  In  Europe,  under  the 
progressive  leadership  of  such  eminent  meteorologists  as 
KoppEX,  Shaw,  Assmann,  Dines,  Gold,  Cave,  and  others, 
the  units  have  come  into  general  use.  Daily  and  weekly  weather 
reports  give  pressure  in  millibars,'  On  January  i,  1914,  the 
I'.  S.  Weather  Bureau  began  to  employ  these  units  in  a  daily 
weather  map  of  the  northern  hemisphere.  The  following  table, 
tievised  at  Blue  Hill  Observatory,  has  been  found  convenient 
and  may  be  helpful  in  astronomical  observatories  where  pres- 
sures are  still  read  in  inches  and  fractions  thereof.  Copies  of 
these  conversion  tables  and  similar  tables  for  converting  read- 
ings in  millimeters  may  be  obtained  from  the  Director  of  the 
FMue  Hill  Observatory  of  Harvard  University.  In  this  table 
the  fir^it  column  give*  the  height  of  the  barometer,  in  inches, 
for  ever>'  tenth  of  an  inch  from  29.0  to  31.0.  The  second 
ctilumn  gives  the  corresponding  pressure  in  millibars  when 
iX*oo  is  added.    The  remaining  columns  give  the  pressures  in 

'  s../^«tf(W,    .-fMrrtr«ii   Sn^t>lememt.   IVc.   6,   1913. 
'  \jimfr.  Oct.    16,   19"  J. 
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millibars  at  intermediate  heights  at  intervals  of  0.02  inches. 
It  is  to  be  remembered  that  the  base  is  no  longer  sea-level,  but 
altitude  106  meters : — 


BASE  PRESSURE    1,000,000 

DYNES  OR 

1,000   MILLIBARS. 

Pressure  in  i 

millibars  = 

1000  4-. 

Barometer 
in  inches. 

.00 

.02 

.04 

.06 

.08 

29.00 

—  18.0 

—  17.3 

—  16.6 

—  16.0 

—  15-3 

29.10 

—  14.6 

—  13.9 

—  13.2 

-12.6 

—  1 1.9 

29.20 

—  1 1.2 

—  10.5 

—  9.9 

—  9.2 

-  8.5 

29.30 

-   7.8 

—    7-2 

-  6.5 

-  5.8 

—   SI 

29.40 

—  4.4 

-  3.8 

—  3.1 

—  2.4 

—    1.7 

29.50 

—    I.I 

—  0.4 

+  0.3 

4-   1.0 

+    1.7 

29.60 

-f   2,3 

+   3.0 

+   3-7 

+  4.4 

+   5.0 

29.70 

-f    5.7 

+   6.4 

+   7.1 

+   7-7 

+   8.4 

29.80 

+  9.1 

-f  9.8 

+  10.5 

+  11.1 

+  11.8 

29.90 

+  12.5 

-fi3.2 

+  13.8 

+  14.5 

4-15.2 

30.00 

-fi5.9 

+  16.6 

+  17.2 

4-17.9 

+  18.6 

30.10 

+  19.3 

+  19.9 

+  20.6 

4-21.3 

4-22.0 

30.20 

-f  22.6 

4-23.3 

+  24.0 

+  24.7 

4-254 

30.30 

+  26.0 

+26.7 

+  27.4 

4-28.1 

-h28.7 

30.40 

+  29.4 

+  30.1 

+  30.8 

-h3i.5 

4-32.1 

30.50 

+  32.8 

+  33.5 

+  34.2 

4-34.8 

4-35.5 

30.60 

+  36.2 

+36.9 

+  37.5 

-f38.2 

4-38.9 

30.70 

+  39.6 

+40.3 

4-40.9 

4-41.6 

4-42.3 

30.80 

+  43.0 

+43.6 

4-44.3 

4-45.0 

4-45.7 

30.90 

+  46.4 

+  47.0 

4-47.7 

+  48.4 

4-49.1 

3100 

+  49.7 

4-50.4 

+  51.1 

-h5i.8 

-h524 

Example:    Barometer 

reading  29.62  inches. 

convert  to 

millibars. 

Tabular  correction  for 

29.60  +  A 

02  is  4-3.0. 

Pressure 

in  millibars  is 

1000  +  3.0  =  1003.0. 

Beginning  with  the  familiar  equation  connecting  pressure. 
P,  volume,  V,  temperature,  T,  and  gas  constant,  /?, — 

PV  =  RT, 

the  height  of  the  so-called  homogeneous  atmosphere, — that  is. 
the  thickness  of  the  stratum  which  our  entire  atmosphere 
would  form  if  compressed  to  a  uniform  density  equal  to  the 
average  density  at  the  base  level  (106  meters  above  sea)  and 
at  temperature  zero  centigrade  (=  273°  Abs.). — can  be  found 
thus,  in  meters: — 

1^3.50x0,750^ 

0.001293 
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the  three  numerical  factors  being,  in  order,  the  density  of 
mercury,  the  pressure  reading,  and  the  specific  weight  of  air. 
We  may  call  the  value  approximately  8,000  meters.  The  gas 
ctmstant  R  is  obtained  by  dividing  by  273.  If  pressures  are 
given  in  millibars,  the  value  of  R  is  2.87  X  IO^  But  these 
values  are  for  dry  air  and  need  further  correction.  The  vol- 
ume of  the  atmosphere  is  approximately  4,080  X  10*'  cubic 
meters ;  or,  since  a  cubic  meter  of  dry  air  at  273°  A.  and 
standard  gravity  weighs  1.293  kilograms,  the  weight  of  the 
atmosphere  in  round  numbers  is  5,200  X  10**  kgs.  This  is 
about  1/1,125,000  of  the  Earth's  mass. 

If  we  determine  the  approximate  height  of  the  sensible  at- 
mosphere by  the  disappearance  of  the  twilight  arch  ( 18°  below 
the  horizon)  we  have  Earth's  radius  multiplied  by  the  secant  of 
*r .  less  I.  or  A  =  /f  ( 1.0125  —  i )  =  0.0125  X  6.370,191  meters 
-=  79.627  meters.  This  must  be  corrected  for  refraction,  and  the 
final  value  would  be  about  64,000  meters,  or  eight  times  the 
depth  of  the  homogeneous  atmosphere.  As  we  have  already 
'^nX,  the  depth  of  the  atmosphere  compared  with  any  astro- 
n<.»mical  dimension  is  no  more  than  a  leaf  of  thinnest  paper 
t<)  miles  of  books.  Still  the  instruments  of  the  astronomer  are 
emplaced  in  this  paper.  For  the  most  part,  they  are  at  the 
very  bottom  of  the  atmosphere.  True,  in  some  States,  as  in 
California  and  Arizona,  instruments  are  used  at  high  levels. 
At  Mt.  Wilson  and  Pasadena  comparative  work  can  be  clone 
at  levels  of  1493  dynamic  meters  and  247  dynamic  meters, 
respectively;  in  other  words,  thru  a  range  of  one  fifth  of  the 
effective  atmosphere.  And  it  is  feasible  to  work  an  appre- 
ciable part  of  the  year  at  elevations  as  high  as  4,500  dvTiamic 
meters.  The  summit  of  Mt.  Whitney  is  at  4,329  dynamic 
meters,  or  4410  meters  above  sea-level,  where  the  pressure  is 
Init  0.6  that  at  the  basal  plane.  St.  John  of  Mt.  Wilson  his 
*how*n  that  there  are  several  spectrum  lines  which  are  dis- 
place<l  in  measurable  degree  by  a  difference  of  pressure  of 
two  tenths  of  an  atmosphere.  The  point  is  referred  to.  only  ti) 
vhow  that  the  atmosphere  cannot  be  disrcgardetl  in  ultimate 
determinations  of  wave-lengths,  fre<|uencies  of  vibration,  and 
standards  of  length. 

The  mo>t  important  outcome  of  recent  exploration  of  the 
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air  by  kites  and  sounding  balloons  is  the  establishment  of  the 
two  great  layers  which  are  best  known  by  the  names  tropo- 
sphere and  stratosphere.  Theoretically,  when  dry  air  is  lifted 
to  a  level  where  the  pressure  is  reduced  one-half,  there  should 
be  a  cooling  of  50°  C.  In  fact,  and  especially  near  mountain 
peaks,  very  different  results  are  found.  But  even  the  adiabatic 
rate  does  not  hold.    This  we  shall  return  to  later. 

Numerous  records  of  soundings  have  been  published  by  the 
International  Commission  for  Scientific  Aerostation.  We  g^ve 
one  of  the  latest  records  made  at  the  observatory  at  Uccle, 
Belgium,  June  9,  191 1,  during  pleasant  weather.  A  height  of 
31,780  d.  meters  (32430  meters)  was  reached.  The  lowest 
temperature  was  given  by  one  thermometer  (Hergesell)  as 
212°  A.  ( — 61  °C)  at  13,040  meters,  while  the  balloon  was 
rising,  or  213°  A.  by  the  other  thermometer  (Kleinschmidt) 
at  12,600  meters,  while  the  balloon  was  descending. 

The  following  skeleton  table  may  be  interesting : — 


rime 

Pressure 

Elevation 

Temperature 
Abe. 

Gradient 

R.  H. 

. 

mb 

mm 

Met. 

7:00 

I,CX)I 

751 

ICX) 

290« 

81 

7:05  (?) 

900 

675 

1,000 

287 

797 

598 

2,000 

281 

.056 

.... 

70s 

529 

3.000 

275 

.066 

51 

7:18 

621 

466 

4,000 

269 

.042 

34 

7:20  (?) 

547 

410 

5,000 

264 

.069 

479 

359 

6,000 

251 

.086 

30 

7:34 

313 

235 

9,000 

234 

.084 

30 

7:38 

271 

203 

10,900 

222 

.065 

7:44 

199 

149 

12,000 

216 

.039 

29 

7:47:04* 

168 

126 

13,040 

213 

.021 

29 

7:48 

160 

120 

13,340 

213 

—.007 

29 

7:52 

129 

97 

14,650 

218 

—.031 

30 

7:56 

103 

78 

16,050 

223 

—  07 

29 

8:02 

72 

54 

18,370 

218 

.01 

29 

8:12 

36 

27 

22,720 

222 

.00 

29 

8:32 

8 

6 

32430 

234 

29 

The  adiabatic  gradient  generally  employed  is  9.87^  C.  per 
kilometer.  For  5.5  kilometers,  therefore,  the  fall  in  tempera- 
ture would  be  about  54°.  But  the  rate  holds  only  for  small 
changes;  and,  as  Dines^  has  pointed  out,  the  formula  **in  fact 

'  lirK'nning  of   inversion. 

^  Qtiar.  Jour.  R.  Met.  Soc.  July,  1913,  Vol.  XXXIX.  No.  167.  page  187. 
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is  only  true  for  the  supposed  case  of  convective  equilibrium 
which,  so  far  as  dry  air  is  concerned,  never  exists  in  practice 
for  any  large  change  of  height."  He  gives  the  following  de- 
partures for  different  heights,  assuming  average  conditions : — 


tkm 

0-.3C 

Qk- 

7^6C 

0  .6 

10 

9  7 

I  .0 

11 

"  3 

I  .8 

12 

13  9 

2   .6 

13 

167 

6 

3  5 

M 

19  .8 

7 

4  -5 

>5 

25  .0 

8 

6  o 

Temperature,  then,  does  not  fall  as  rapidly  as  the  law  re- 
<|uires  and  the  pressure  at  a  given  level  is  greater  than  that 


Wiss  TtMpnuTLTJE  FOR  Each   Month.  wiTii  Steatosphere  ani» 
Troposphere  Limits. 

From  G.   NADLCt,  in  Btttrage  tur  Physik  dtr  freien  .Almos/^hitrc. 

given  by  formula.  Br;ku)W*  shows  that  the  gas  coefficient 
R,  while  a  constant  in  the  adiabatic  system,  is  a  variable  in  the 
non-adiabatic  system.  In  other  words,  the  specific  heat  is  a 
variable  in  non-adiabatic  air.     This  means  that  no  account  i< 

■    -fmrn*  iia    Ji'urmat   of   Sci<m^■^'.    Vol.    XXXIV,    Drcinhcr,    igii. 
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taken  of  circulation  or  of  radiation  of  heat.  He  very  properly 
says  *'that  the  gravity,  pressure,  and  circulation  terms,  as 
computed  from  the  observations  in  cyclones,  anti-cyclones,  and 
in  the  general  circulation,  do  not  conform ;  and  all  the  efforts 
of  meteorologists  to  make  them  do  so  have  been  failures  or 
fictitious  and  improper  solutions.'* 

From  the  results  of  nearly  two  hundred  soundings  made 
during  1906-08,  Nadler  has  summarized  the  mean  temper- 
ature at  various  levels  for  each  month  and  also  the  average 
limits  of  the  troposphere  and  stratosphere.     (See  diagram.*) 

What  precedes  shows  that  a  ray  of  light  traversing  the  at- 
mosphere does  not  come  thru  a  homogeneous  medium  nor 
thru  one  of  uniformly  decreasing  density.  This  must  materi- 
ally affect  the  values  of  the  coefficients  of  refraction  as  ordi- 
narily given.  As  to  measuring  the  heights  of  mountains  by 
vertical  angles  (theodolites),  it  is  interesting  to  know  that 
other  methods  presumably  less  accurate  have  given  truer 
heights.  Thus,  in  measuring  the  heights  of  Mts.  Whitney 
Shasta,  and  Rainier,  the  results  obtained  by  the  writer,  using 
atmospheric  pressure  methods,  were  nearer  the  tnie  elevations 
than  those  obtained  with  theodolites  by  the  engineers.  Again, 
in  measuring  the  high  peaks  of  Asia  (to  which  Professor  E.  C 
Pickering  has  called  my  attention)  the  British  geodesists 
found  that  all  angles  of  elevation  to  high  peaks,  measured  from 
the  plains  of  India  and  from  the  outer  hills,  were  too  large. 
This  is  strikingly  shown  in  the  case  of  Mt.  Everest,  where  all 
measurements  from  low-lying  stations  make  the  mountain  over 
30,000  feet,  while  all  measurements  from  the  high  levels  make 
the  mountain  less  than  30,000  feet.  Refraction  is  the  cause  of 
the  difference,  and  coefficients  suitable  for  low  levels  are  not 
accurate  for  high  air  work.  According  to  Burrad  and  Hav- 
DEN,  refraction  is  greatest  in  the  morning  and  evening  and 
least  in  the  middle  of  the  day.  It  is  different  in  summer  from 
winter. 


'  The  figures  beneath  the  diagram  (Anz.  d.  and  Aufst.)  indicate  the  number 
of  soundings  upon  which  each  monthly  curve  is  based.  The  figure*  at  the  right 
and  left  express  the  altitude  in  kilometers,  and  those  on  the  diagrain  itself,  the 
temperatures  in  degrees  C.  For  example,  15  sounding  balloon  ascensions  in  July 
gave  average  temperature  of  -f  11 ''.3  C.  at  altitude  one  kilometer.  The  tempera- 
ture decreased  up  to  altitude  12  kilometers,  and  then  remained  almost  constant, 
or  increased  slightly  to  altitude    19  kilometers,  temperature  — 48'.8  C. 
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Ticker,  in  Lick  Observatory  Bulletin,  No.  231,  has  dis- 
oisvcd  the  diurnal  variation  in  the  refraction  at  Mt.  Hamilton, 
iiNinjj  observations  for  a  period  of  nearly  twenty  years.  He 
iinds  a  slight  but  distinct  difference  between  the  refraction 
ittect  in  the  daylight  and  night  hours  that  does  not  depend 
u]^*n  the  pressure,  temperature,  or  change  of  temperature 
thiring  the  observing  hours.  He  suggests  that  the  physical 
explanation  may  lie  in  the  rapid  changes  in  the  surface  strata 
as  ctwiipared  with  slower  changes  in  higher  levels  near  the  time 
<'t  *»unrise  and  sunset,  so  that  the  readings  of  the  thermometers 
in  the  air  strata  near  the  Earth's  surface  are  not  representa- 
tive t>f  the  temperatures  in  overlying  strata.  Evidently  sound- 
!iit:'i  oi  the  atmosphere  near  Mt.  Hamilton  might  show  fre- 
4|:ient  and  marked  inversions  of  temperature. 

.\gain.  there  are  many  questions  connected  with  the  trans- 
parency of  the  air.  For  example,  the  successful  use  of  the 
l>h«»i« select ric  cell,  which  promises  so  much  in  photometric 
'rca^iurements,  must  be  affected  by  any  rapid  variations  in  air 
trnns|>arency.  Can  the  aero-physicist  be  of  service  to  the 
,i^tro-physicist  in  this  rapidly  developing  field? 

Meteorology  had  its  beginning  under  the  sheltering  domes  of 
astronomy.  Altho  men  live  in  the  air,  they  seem  to  have  been 
interested  more  in  the  motions  of  the  stars  than  in  the  move- 
ments of  the  medium  in  w^hich  they  lived.  After  many  years  of 
waiting  came  the  Burgomaster  of  Magdeburg,  with  his  air- 
pump;  then  Galileo,  inventor  of  thermometer  as  well  as 
ieU-^o|)e;  and  after  him  Torricelli.  with  the  barometer. 
What  instruments  are  we  still  waiting  for  that  shall  help  us 
t*i  a  better  understanding  of  this  envelope  of  gases  and  watcr- 
\aiM»r,  relatively  small  in  itself,  but  meaning  so  much  to  the 
« level* jpment  of  astronomy? 

Hue  Hill  Obsovatorv.  Harvard  University. 
Reaovill£«   MaSSACHI'SETTS. 
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THE  ASTRONOMICAL  ACTIVITJ^.S  OF  PROFESSOR 
GEORGE  DAVIDSON. 


By  W.  W.  Campbell. 


George  Davidson  was  born  in  Nottingham,  England,  on 
May  9,  1825.  Coming  to  the  United  States  when  a  boy,  he 
completed  the  course  of  study  in  the  Central  High  School, 
Philadelphia,  in  1845.  He  entered  the  service  of  the  United 
States  Coast  Survey  on  June  i,  1845,  residing  in  Washington 
as  secretary  to  Superintendent  Bache.  He  also  served  as  a 
computer  and  in  other  capacities. 

The  needs  of  navigation  for  accurate  knowledge  of  the 
Pacific  coast-line  were  recognized  by  the  authorities  in  Wash- 
ington shortly  after  the  territory  of  California  was  acquired 
from  Mexico.  The  first  requirements  were  determinations  of 
the  latitudes  and  longitudes  of  the  prominent  capes,  head- 
lands and  entrances  to  the  harbors,  hydrographic  surveys  of 
the  harbors,  and  topographic  surveys  of  harbor  surroundings. 
Davidson  was  the  oldest  member  and  the  leader  of  a  party  of 
three,  consisting  of  himself,  John  Rockwell  and  James  S. 
Lawson,  sent  to  the  Pacific  Coast  shortly  after  the  discovery  of 
gold  in  Calif oniia,  for  the  purpose  of  starting  the  accurate 
work  of  the  Coast  Survey  in  this  region.  The  party  arrived 
in  the  summer  of  1850.  With  the  exception  of  five  years,  co- 
inciding approximately  with  the  Civil  War,  Davidson's  home 
was  in  San  Francisco  continuously  until  the  date  of  his  death, 
December  2,  191 1.  His  life  was  devoted  with  untiring  energy 
and  complete  unselfishness  to  the  interests  of  science  on  the 
Pacific  Coast.  It  is  no  exaggeration  to  say  that  during  sixty 
years  his  name  was  more  familiar  to  the  scientifically-inclined 
inhabitants  of  the  Pacific  Coast  region  than  that  of  any  other 
resident. 

His  services  were  not  confined  to  the  requirements  of  the 
Coast  Survey  work.  His  efficient  help  was  always  available  to  ad- 
vance any  department  of  science.  He  was  president  of  the  Cali- 
fornia Academy  of  Sciences  for  sixteen  years,  and  president  of 
the  Pacific  Geographical  Society  for  thirty  years.   He  gave  as- 
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M  stance  in  all  lines  of  investigation  undertaken  by  the  Academy. 
He  was  an  authority  on  the  voyages  of  the  early  explorers  of 
the  Pacific  Coast  and  on  the  early  history  of  the  Coast.  At 
variou>  times  and  during  periods  of  different  lengths  he  served 
ofi  the  Irrigation  Commission  of  California,  on  the  Advisory 
Harbor  Improvement  Commission  for  San  Francisco,  on  the 
Mississippi  River  Commission,  on  the  United  States  Assay  Com- 
nnssion,  as  Regent  of  the  University  of  California,  and  during 
the  last  years  of  his  life  as  Professor  of  Geography  in  the 
University  of  California.  In  June,  1895,  he  resigned  his  posi- 
tion in  the  Coast  Survey,  at  the  conclusion  of  fifty  years  of 
ser\'ice.  During  the  last  twenty-seven  years  of  this  period  he 
was  Assistant  in  charge  of  all  Coast  Survey  operations  on  the 
Pacific  Coast  of  the  United  States.  His  interests  in  the  welfare 
of  the  community  where  he  resided  were  always  active  and 
available,  and  he  had  the  unconscious  personal  charm  and 
magnetism  which  made  and  held  strong  friends.  A  worthy 
biography  of  Professor  Davidson  would  embrace  the  wide 
range  of  subjects  already  mentioned,  and  it  is  hoped  that  a 
aimpetent  pen  will  some  day  undertake  the  duty  of  writing  it. 

While  all  branches  of  knowledge  interested  Professor  David- 
^4>^^  the  subject  of  astronomy,  pure  and  applied,  seemed  to 
make  a  special  appeal  to  him.  He  was  an  authority  in  the 
geodetic  applications  of  astronomy;  and  the  reports  of  the 
Inited  States  Coast  Survey  show  that  he  never  failed  to  grasp 
•'Opportunities  for  making  observations  promising  to  be  useful 
in  any  branch  of  pure  astronomy.  The  list  of  his  published 
c<  ^ntributions  contains  many  titles  relating  to  eclipses,  meteors, 
'•cmltations  and  comets,  and  to  atmospheric  conditions  affect- 
ing astronomical  observations.  His  influence  with  James  Lick, 
while  Mr.  LiCK  was  formulating  plans  for  erecting  the  most 
p«twcrfiil  telescope  in  existence,  was  wise  and  potent,  and  per- 
haps even  vital  to  a  practical  solution  of  Mr.  Lick's  problem. 
A  review  of  Davidson's  activities  in  pure  and  applied  astron- 
<cny.  necessarily  abbreviated,  is  herewith  presented.  There  is 
little  <!oubt  that  a  review  of  his  geographical  work  would  show 
runally  extensive  contributions  in  that  field. 

Assistant  Davidson's  first  observing  station  on  the  Pacific 
Slf'fie,  in  1850,  was  located  at  Point  Conception,  the  most  prom- 
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inent  and  dangerous  angle  in  the  western  coast-line  of  the 
United  States.  He  determined  the  latitude  and  longitude  of 
the  station,  the  variation  and  dip  of  the  magnetic  needle,  and 
reported  upon  the  best  location  for  the  proposed  light-house  in 
that  neighborhood.  During  the  first  four  years  other  stations 
were  occupied  successively  at  Monterey,  San  Diego,  Cape  Dis- 
appointment (at  the  mouth  of  the  Columbia  River),  Port  Or- 
ford,  Neah  Bay  (near  the  entrance  to  Puget  Sound),  at  the 
Presidio  of  San  Francisco,  and  at  approximately  twenty  minor 
points.  The  longitudes  of  the  principal  stations  were  deter- 
mined from  observed  positions  of  the  Moon  with  reference  to 
neighboring  stars  (Moon  culminations),  and  from  the  observed 
times  of  occultations  of  the  stars  by  the  Moon,  and  the  relative 
longitudes  of  the  minor  stations  were  determined  by  the  trans- 
portation of  chronometers.  The  modem  methods  of  determin- 
ing longitudes  by  telegraphic  signals  were  of  course  not  avail- 
able. Coastwise  travel  in  those  days  was  by  sailing  vessels, 
and  surf  landings  were  unavoidable  at  many  stations  on  the 
capes  and  points.  There  were  occasionally  personal  risks  from 
hostile  natives,  as  at  Neah  Bay^  where  the  observations  were 
made  from  behind  breastworks  with  men  and  guns  constantly 
ready  to  repel  attack. 

The  astronomical,  magnetic,  hydrographic  and  topographic 
data  which  were  accumulated  with  extraordinary  rapidity  were 
woven  by  him  into  a  report,  as  early  as  1855,  and  issued  as  a 
guide  to  mariners.  In  the  Coast  Survey  report  for  the  year 
1858  the  superintendent  refers  to  Davidson's  Directory  for  the 
Pacific  Coast,  as  follows:  *This  useful  work  has  been  com- 
piled by  George  Davidson,  Esq.,  Assistant  in  the  Coast  Survey, 
from  the  Coast  Survey  and  other  authentic  data,  embodying 
also  the  results  of  his  own  experience  on  the  Coast,  where  he 
has  been  occupied  in  charge  of  geographical,  triangulation  and 
topographical  parties  since  the  commencement  of  the  survey  in 
1849.  Having  thoroughly  and  peculiarly  identified  himself  with 
the  survey  of  the  western  coast  from  its  beginning,  and  had 
occasion  himself  to  know  the  necessities,  facilities  and  dangers 
of  its  navigation,  he  has  been  in  a  position  to  prepare  a  par- 
ticularly valuable  directory  for  the  use  of  mariners  and  navi- 
gators." 
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The  partial  solar  eclipse  of  May  26,  1854,  was  observed  with 
a  <mall  telescope,  chiefly  for  times  of  contacts,  by  Mr.  Davidson 
from  his  station  at  Humboldt  Bay.  He  observed  the  occulta- 
ttons  of  twenty-two  stars  of  the  Pleiades  group  on  March  i. 
1857,  to  strengthen  the  longitude  determination  of  the  San 
Francisco  station.  He  observed,  at  San  Francisco,  the  times  of 
beginning  and  ending  of  the  partial  solar  eclipse  of  March  25. 
1857.  He  observed  occultations  of  the  Pleiades,  March  26, 
i860,  on  Ross  Mountain,  and  the  times  of  contacts  in  the  partial 
solar  eclipse  of  July  18,  i860,  on  Sonoma  Mountain. 

Mr.  D.wrosoN  was  ordered  to  the  Atlantic  Coast  service  of 
the  Survey  late  in  the  year  i860,  where  he  remained  until  about 
i8fih.  After  the  purchase  of  Alaska  from  Russia,  he  was 
ordereii  to  make  a  survey  of  the  coast  of  Alaska  with  reference 
to  the  needs  of  navigators.  The  materials  for  this  Directory 
were  rapidly  collected,  in  1867,  and  this  extensive  work  was 
published  promptly.  He  was  appointed  assistant  in  charge  of 
the  Pacific  Coast  work  of  the  Survey  in  1868. 

Mr.  Davidson's  intensive  work  on  the  astronomical  founda- 
tirms  of  the  Pacific  surveys  called  his  attention  strongly  to 
the  weak  points  in  existing  instruments  employed  by  the  Sur- 
\^\\  and  his  inventive  genius  suggested  many  improvements. 
A  description  of  the  Davidson  meridian  instrument  for  deter- 
mining time,  longitude  and  latitude  is  published  in  the  Survey 
re|)ort  for  1867.  This  instrument  was  extensively  used  in  sub- 
»^<^uent  work  of  the  Coast  Survey  thruout  the  United  States. 

The  construction  of  the  Cnion  and  Central  Pacific  Railways 
and  the  establishing  of  telegraphic  connection  between  the 
Atlantic  and  Pacific  Coasts  enabled  the  longitude  determina- 
tions on  the  Pacific  Coast  to  be  placed  upon  an  accurate  basis 
for  the  first  time.  The  Pacific  end  of  the  longitude  com|)ari- 
vins  with  Harvard  College  Observatory  was  conducted  by  Mr. 
Davidso.v  in  a  temporar>'  observator>'  set  up  for  the  purpose 
in  Washington  Square.  Telegraphic  signals  were  exchanged 
with  Cambridge  on  twelve  nights,  between  February  15  and 
\pril  4^  1869,  through  the  courtesy  of  the  Western  Union 
Telegraph  Company. 

The  total  solar  eclipse  of  .August  7.  1869,  was  observed  by 
Mr.  Davhjson  and  his  party  on  the  CTiilkaht  River,  Alaska.  The 
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times  of  contact  were  satisfactorily  estimated  and  careful  de- 
scriptions of  eclipse  phenomena  were  prepared  and  published. 

In  appreciation  of  Mr.  Davidson's  services,  the  Regents  of 
the  University  of  California  appointed  him  Honorary  Professor 
of  Geodesy  and  Astronomy  in  the  University,  dating  from  1873. 

In  1870,  at  the  San  Buena  Ventura  station,  he  recorded  the 
flight  of  556  meteors,  and  made  a  special  report  on  the  subject. 

During  a  few  weeks  in  the  mid-summer  of  1872  he  occupied 
a  station  at  Summit,  the  highest  point  on  the  Central  Pacific 
Railway  in  the  Sierra  Nevada  Mountains,  altitude  7,200  feet. 
He  tested  the  astronomical  conditions  as  affecting  astronomical 
observations,  and  was  greatly  impressed  with  the  advantages 
of  a  high  altitude.  His  report  in  the  Coast  Survey  volume  for 
1872  places  emphasis  on  the  subject. 

The  transit  of  Venus  had  been  observed  in  1769  by  M. 
Cn.^ppE  DE  l'Auteroche  at  San  Jose  del  Cabo  in  Lower  Cali- 
fornia, but  this  observer  had  not  determined,  or  at  least  had  not 
published,  the  exact  position  of  his  observing  station.  On  ac- 
count of  the  interest  attached  to  the  transits  of  Venus  which 
would  occur  in  1874  and  in  1882,  Mr.  Davidson  in  1873 
searched  for  the  exact  location  occupied  by  de  l'Auteroche. 
Though  no  evidences  of  the  latter's  occupation  remained,  the 
<lescription  of  the  observing  station  enabled  Mr.  Davidson 
to  locate  the  station,  in  his  opinion,  within  a  space  of  twenty 
feet  square,  and  the  co-ordinates  of  the  observing  station  were 
accordingly  determined. 

Professor  Davidson  was  appointed  by  the  United  States 
Government  Commission  to  observe  the  transit  of  Venus  in 
Japan  on  December  8,  1874.  Assisted  by  Tittmann  and 
Edwards,  of  the  Survey,  the  preparations  were  carefully  made, 
"but  unfortunately  the  expedition  was  rendered  unfruitful  by 
•clouds  at  the  critical  times. 

The  total  solar  eclipse  of  January  11,  1880,  was  carefully  and 
-extensively  observed  from  the  summit  of  Santa  Lucia  Mountain 
l)y  a  Coast  Survey  party  under  Professor  Davidson's  direction, 
and  likewise  by  Professor  Frisbie  of  the  United  States  Naval 
Observatory.  All  the  observations  were  visual,  and  the  results 
related  to  the  estimated  times  of  contacts,  the  appearances  of 
the  corona,  prominences,  etc. 
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He  was  appointed  by  the  Government  Transit  of  Fenus  Com- 
mission to  direct  the  work  of  one  of  the  parties  for  the  observa- 
lit>n  of  the  transit  of  1882.  The  observations  were  obtained 
successfully  at  Cerro  Roblero,  New  Mexico. 

His  party  observed  the  transit  of  Mercury  at  the  Yolo  Base, 
Sacramento  Valley,  on  November  7,  1881. 

Cataloj^s  of  star  positions  suited  to  the  work  of  the  Coast 
Survey  field  parties  were  compiled  by  Davidson  trom  time  to 
time.  The  Report  of  the  Survey  for  1883  contains  a  catalog 
of  1278  time  and  circumpolar  stars  arranged  for  this  purpose. 

In  the  late  i88o's  the  question  of  the  variation  of  terrestrial 
latitudes  was  prominent,  and  observations  at  widely  separated 
stations  were  urgently  called  for.  As  a  labor  of  love  Professor 
Davidson  undertook  the  observations  of  latitude  pairs,  by  the 
Talcott-Horrebow  method,  at  his  observatory  in  San  Francisco. 
IWtween  May,  1891,  and  August,  1892,  approximately  2500 
pairs  of  stars  were  observed  for  this  purpose ;  to  be  exact,  5308 
ob'^fvations  on  283  stars  were  secured.  An  additional  series 
of  observations  was  made  by  him  in  the  years  1893-94.  The 
results  agreed  with  those  secured  at  European,  Atlantic  Coast 
and  Hawaiian  stations,  confirming  the  fact  that  the  latitudes  of 
points  on  the  Earth*s  surface  are  constantly  changing  by  minute 
amounts. 

Professor  Davidson's  programs  of  observation,  whether  for 
the  determination  of  latitude,  time  and  azimuth,  of  magnetic 
<icclination  and  dip,  of  refraction  constants,  or  for  research  in 
jnire  astronomy  on  his  own  account,  were  characterized  by  the 
\-cr>'  great  numbers  of  observations  planned  for  and  secured, 
as  well  as  by  the  observance  of  precautions  for  ensuring  that 
the  individual  observations  be  as  accurate  as  possible. 

It  is  a  remarkable  fact  that  the  first  investigating  astronomi- 
cal t>l)scrvatory  planned  for  California,  and  in  fact  for  the  west- 
em  half  of  the  United  States,  the  Lick  Observator>%  was  on  a 
large  scale  for  its  time.  The  first  observatory  completed  in 
California,  however,  was  that  of  Professor  Davidson.  This 
was  established  in  La  Fayette  Park,  San  Francisco,  about  1879. 
It  was  erected  at  Davidson's  personal  expense.  It  contained  a 
64-inch  Clark  refracting  telescope.  This  instrument  was  used 
to  observe  the  total  solar  eclipse  of  January  11,  1880,  on  Santa 
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Lucia  Mountain ;  to  observe  several  partial  solar  eclipses  and 
the  1882  transit  of  Venus;  to  make  drawings  of  the  principal 
planets;  and  to  observe  star  occultations  and  comets.  The 
observatory  was  dismantled  several  years  ago,  following  a 
permanent  affection  of  Professor  Davidson's  eyesight,  which 
prevented  him  from  making  further  observations. 

There  remains  to  be  considered  Professor  Davidson's  rela- 
tions to  James  Lick  and  to  the  proposed  Lick  Observatory; 
and  there  can  be  no  doubt  that  here  also  he  rendered  most  use- 
ful service  to  the  advancement  of  science.  Professor  Davidson 
has  prepared  and  published  two  statements  describing  these  re- 
lations. The  first  one,  prepared  in  1892,  is  brief,  and  is  con- 
tained in  Dr.  Milicent  W.  Shinn's  account  of  the  founding 
and  early  scientific  work  of  the  Lick  Observatory,  in  the  Orcr- 
land  Monthly  for  November,  1892.  Dr.  Shinn  is  an  editor  of 
great  ability,  possessing  well-balanced  historical  judgment, 
based  upon  a  thoro  university  training,  who  was  intensely 
interested  in  al]  questions  relating  to  the  origin  of  Lick  Ob- 
servatory. In  preparing  her  historical  article  she  fortunately 
had  the  advantage  of  personal  interviews  with  Professor  Dav- 
idson, and  of  submitting  the  proof  sheets  to  him.  I  quote  from 
her  paper: — 

No  one  seems  to  know  how  or  when  the  idea  of  a  great  telescope 
entered  Mr.  Lick's  mind.  It  was  there  before  he  took  any  one  into  his 
confidence.  ...  In  February,  1873,  he  quite  unexpectedly  offered  the 
Academy  a  piece  of  land  on  Market  Street,  the  site  of  its  present  build- 
ing. Professor  George  Davidson,  then  president  of  the  Academy,  called  to 
thank  him,  and  Mr.  Lick  then  told  him  of  his  purpose  of  leaving  money 
for  a  great  telescope.  .  .  .  Mr.  Lick  had  no  knowledge  whatever  of  any 
of  the  auxiliaries  needed  by  a  telescope,  or  of  the  purposes  of  astronomy 
beyond  bare  discovery;  and  all  this  was  left  to  Professor  Davidson  to 
outline  to  him  in  the  few  months  of  their  conferences.  Out  of  the  very 
interesting  verbal  narrative  that  Professor  Davidson  has  given  me  of 
this  episode,  he  is  willing  to  have  in  print  at  present  only  so  much  as  is 
contained  in  the  following  memoranda,  which  he  wishes  me  to  leave  in 
his  (Professor  Davidson's)  own  words: 

**I  am  not  willing,  at  this  time,  to  write  the  narrative  of  my  relations 
with  James  Lick  from  February,  1873,  to  August,  1874,  but  I  give  very 
briefly  the  following  items  of  interest : 

**James  Lick  originally  intended  to  erect  the  Observatory  at  Fourth 
and  Market  Streets.  His  ideas  of  what  he  wanted  and  what  he  should 
do  were  of  the  very  vaguest  character.     It  required  months  of  careful 
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a;ti>n«chcs  and  the  proper  presentation  of  facts  to  change  his  views  on 
V  cation.  He  next  had  a  notion  of  locating  it  on  the  mountains  ovcr- 
t4H>ktnK  his  mill-site,  near  Santa  Clara,  and  thought  it  would  l)c  a 
Mecca. — but  only  in  the  sense  of  a  show. 

"Gradually  I  guided  his  judgment  to  place  it  on  a  great  elevation  in 
the  Sierra  Xcvadas,  by  placing  before  him  the  results  of  my  experi- 
mental work  at  great  elevations,  as  well  as  the  experience  of  other  high- 
ahitude  observers.  At  the  same  time,  by  my  presentation  of  facts  and 
i^jfures  of  the  cost  and  maintenance  of  other  observatories,  he  named  the 
vrnn  of  $i,jooxx)o  in  one  of  his  wills,  as  the  sum  to  be  set  aside  for 
fi>tinding  the  James  Lick  Obscrvator>%  and  for  its  support. 

"In  making  him  acquainted  with  the  size  and  performance  of  the  tele- 
*cx>pe<i  of  the  larger  observatories.  I  naturally  mentioned  the  great  re- 
iWctor  of  Lord  Rosse.  That  seemed  to  fire  his  ambition,  and  at  the 
next  interview  he  insisted  on  a  refractor  of  six  feet  in  diameter.  It  re- 
qiiired  long  and  patient  explanations  to  get  him  down  to  forty  inches, 
mhtch  was  the  diameter  we  finally  adopted. 

"In  October.  1873,  '  obtained  his  permission  to  make  known  to  the 
California  Academy  of  Sciences  the  main  facts  of  his  intention  to  place 
the  brgest  refracting  telescope  that  could  be  constructed  at  an  eleva- 
tv>n  of  10.000  feet  in  the  Sierra  \evadas.  I  have  not  the  announcement 
miihm  reach,  but  it  was  published  in  the  Alta  California  late  in  October. 
I  thmk  the  21  st.  A  short  time  before  that  I  had  confidentially  made 
the  fact>  of  Lick's  intention  known  to  Leland  Stanford  and  his  wife. 

"An  eminent  astronomer  had  nearly  frustrated  the  whole  project  by 
urging  Mr.  Lick  to  adopt  a  reflecting  telescope  instead  of  a  refractor; 
b;:t  he  had  a  remarkably  clear  mechanical  mind,  and  I  had  very  little 
tnnihlc  in  satisfying  him  of  the  weakness  of  the  suggestion. 

"liefore  I  went  to  Washington  for  consuhation  with  other  observers 
for  the  transit  of  I'enus  expeditions  in  1874,  Mr.  Lick  held  to  the 
deciNK»n  of  the  refractor  at  a  great  elevation,  and  details  had  been 
decided  upon,  although  he  had  several  times  changed  his  will  in  other 
matters.  Before  departing  I  showed  him  that  by  the  Code  of  Cali- 
fornia he  could  not  then  devise  by  will  to  any  corporate  ImmIv,  and 
nrged  him  to  make  a  deed  of  trust. 

**l'pon  my  return  I  found  he  had  made  the  deed  of  trust,  and  that 
*-.me  of  the  Pioneers  had  prevailed  upon  him  to  locate  the  observatory 
nn  the  north  shore  of  Lake  Tahoe;  and  had  prevailed  upon  him  to 
rctl'ice  the  $ijoo.ooo  to  $700,000. 

••When  he  again  changed  his  views,  and  determined  to  locate  the 
t^tscrvatory  on  the  vastly  inferior  site  of  Mount  Hamilton,  I  declined 
f'nhcr  conference  with  him. 

"Tlie  whole  of  my  intercourse  with  him  wat  full  of  curious  and 
trtrrrsting.  and  sometimes  dramatic,  incidents,  that  have  never  been 
vitight  bv  any  one  profes>ing  to  write  the  history  of  the  Lick  Ob- 
«rrva!or>' " 
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Professor  Davidson's  second  article,  prepared  in  1899  and 
published  in  the  University  of  California  Magazine  for  April, 
1899,  is  too  long  for  reproduction  here.  It  is,  in  effect,  an 
expansion  of  the  memorandum  prepared  by  him  for  Dr. 
Shinn's  paper,  as  quoted  above  in  full.  It  confirms  all  the 
important  historical  points  in  the  memorandum.  However,  it 
is  desirable  to  quote  those  of  Professor  Davidson's  sentences 
which  relate  to  Mr.  Lick's  announcement  of  his  plans  for  a 
great  telescope.  ".  .  .  but  my  first  meeting  with  Mr.  Lick 
was  in  February,  1873,  when  another  member  and  myself 
carried  to  Mr.  Lick  the  thanks  of  the  Society  [California 
Academy  of  Sciences]  for  his  unsolicited  and  munificent  gift. 
After  that  meeting  and  at  the  request  of  Mr.  Lick,  my  con- 
ferences with  him  were  very  frequent.  ...  He  kept  himself 
thoroughly  informed  on  what  the  Academy  was  doing,  and 
seemed  especially  interested  in  astronomical  matters,  although 
he  had  never  looked  through  a  telescope  or  read  a  work  on 
astronomy.  In  time  he  disclosed  his  intentions  about  a  great 
telescope." 

Professor  Davidson's  point  of  view  was  clearly  that  of  the 
intensely  interested  astronomer  who  desired  to  see  the  bequest 
expended  in  a  practicable  manner.  The  advice  to  construct  a 
refractor  instead  of  a  great  reflector  was  quite  in  harmony  with 
astronomical  opinions  prevailing  at  that  time,  and  the  plan  to 
construct  a  refractor  six  feet  in  diameter  must  certainly  have 
failed.  Whether  the  advice  to  select  a  location  for  the  ob- 
servatory in  the  Sierra  Nevada  Mountains,  at  an  elevation  of 
10,000  feet,  was  wise  and  practicable,  may  be  open  to  question 
at  the  present  time,  but  this  was  certainly  Professor  Davidson's 
strong  and  honest  point  of  view.  Over  the  misfortune  that  the 
promised  sum  of  $1,200,000  was  reduced  by  Mr.  Lick  to 
$700,000  we  need  not  moralize.  From  the  many  side-lights 
thrown  upon  Mr.  Lick's  character,  it  is  entirely  possible  that 
without  Professor  Davidson's  guidance  at  a  critical  period  the 
plans  for  the  construction  of  a  useful  telescope  and  observatory 
might  have  come  to  grief.  It  is  also  clear  from  the  fact  that 
Mr.  Lick  stood  by  his  plans,  notwithstanding  his  displeasure 
with  his  first  board  of  trustees,  resulting  in  their  resignation, 
and  in  the  appointment  of  a  second  board  and  finally  of  a  third 
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l»aril,  that  Mr.  Lick  was  determined  to  get  his  telescope.  We 
inay  all  unite  in  expressing  gratification  that  Professor  David- 
son's duties  in  the  matter  were  performed  so  conscientiously 
and  with  unselfish  singleness  of  purpose.  The  Lick  Observ- 
ator)*  was  undoubtedly  more  successfully  planned  by  virtue  of 
Pn>fe>sor  Davu)Son's  help  than  it  would  have  been  without 
this  help. 

Professor  Davu)s<)N  retained  a  strong  interest  in  all  astron- 
omical subjects  to  the  end.  His  death  marked  the  passing  of  a 
great  and  useful  man. 


THE  CARDOBA  ZONES  AND  DURCHMUSTERUNG.* 


By  C.  D.  Perkine. 


In  i8<>i  Dr.  Thome  commenced  the  observations  to  continue 
the  A.Ct.  zone  catalogs  from  —  22^  to  —  37°.  The  observing 
work  was  completed  in  uxx).  The  reduction  and  revision  work 
is  now  completed.  The  first  5°  zone  ( —  22"^  to  —  27°),  com- 
prising i5/>75  stars,  has  been  sent  to  the  printer.  The  second 
5'  zone  will  be  completed,  ready  for  printing,  by  the  end  of 
the  present  year.  The  third  zone  will  be  finished  about  the 
end  of  1914. 

It  seems  highly  desirable  that  this  zone  work  should  be 
extended  to  the  pole  as  quickly  as  possible.  In  looking  about 
f<rr  a  quick  method  I  have  come  to  the  conclusion  that  photog- 
raf)hy  offers  great  advantages  and  am  planning  to  continue 
the  work  by  this  means.  It  may  be  of  interest  to  give  an 
otitline  of  the  pro|X)sed  plan. 

The  photographs  will  be  taken  with  a  doublet  of  iS'"™  aper- 
ture ami  1 10^  focal  length,  stopped  down  to  about  12  or  13*^" 
to  cover  sharply  a  field  5°  on  a  side,  if  pi^ssible. 

For  the  zone  catalog  work  it  is  planned  to  take  overlapping 
jjlates,  as  is  done  for  the  astrographic  work — so  that  a  final 
catalog  position  will  be  the  mean  of  four  images.  This  should 
give,  with  the  scale  adopted,  a  satisfactor\'  degree  of  accuracy. 
I  expect  the  probable  error  of  a  single  image  to  be  not  over  a 

•  Hrfm*rt  prnmted  at  the  Hanburf  meeting  of  the  Attronoint«che  (^"^r  lite  haft. 
Auruvt.    1913. 
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second  of  arc  and  perhaps  no  more  than  a  half  second.  The 
usual  astrographic  reseau  will  be  used. 

If  the  accuracy  of  the  positions  derived  from  the  photo- 
graphs is  sufficient,  it  is  probable  that  the  fundamental  stars 
will  be  observed  with  our  new  meridian  circle,  otherwise  the 
fundamental  star-places  will  probably  be  taken  from  the  Cor- 
doba General  Catalog. 

The  negatives  will  be  obtained  on  orthochromatic  plates  to 
approximate  more  nearly  to  the  visual  scale  of  magnitudes. 
Two  images  of  each  star  will  be  obtained  for  measurement, 
with  exposures  of  about  ten  minutes  each.  In  addition,  there 
will  be  made  a  third  exposure  of  sufficient  length  to  show  an 
average  9.0  star,  which  will  be  the  limiting  magnitude.  This 
third  image  will  also  serve  to  check  the  transparency  and  the 
steadiness  of  the  air. 

In  the  measurement  of  the  plates,  only  stars  will  be  meas- 
ured which  have  three  images.  This  is  a  plan  which  I  have 
used  in  the  work  of  the  Cordoba  astrographic  zones  and  which 
has  been  found  most  useful.  In  the  astrographic  w^ork  a 
fourth  exposure  is  used  to  check  the  transparency  of  the  sky 
and  the  ^'seeing,"  the  third  exposure  being  just  sufficient 
to  show  an  ii.o  magnitude  star  (the  limit  to  be  measured). 

The  faintest  star  to  be  measured  will  have  at  least  five  times 
the  exposure  necessary  to  show  the  faintest  image  of  it.  This 
is  to  obtain  greater  accuracy  in  the  positions,  as  it  is  known 
that  images  at  the  limit  of  vision  are  only  composed  of  a  few 
darkened  silver  grains  which  do  not  yield  accurate  positions. 

It  may  be  urged  that  the  result  aimed  at  in  the  above  plan 
could  be  secured  by  taking  the  measures  of  the  9.0  and 
brighter  stars  of  the  astrographic  zones  and  preparing  a  cata- 
log. I  have  considered  this  and  have  come  to  the  conclusion 
that  the  special  work  necessary  for  the  zone  catalog  can  all 
be  done  in  much  less  time  than  it  will  take  to  secure  the  re- 
mainder of  the  astrographic  plates  apd  their  measures. 

It  may  be  of  interest  to  add  a  short  account  of  the  state  of 
the  Durchmusterung  work  and  of  the  work  recently  under- 
taken at  Cordoba  of  preparing  a  catalog  of  all  of  the  stars 
of  9.5  and  brighter  between  — 82°  and  the  pole.  The  posi- 
tions for  this  catalog  will  be  determined  with  the  5-inch  meridi- 
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an  circle,  and  the  magnitudes  will  be  determined  photometric- 
ally. This  cataloj^  is  intended  to  furnish  a  zone  catalog  of 
tliat  region  and  also  to  answer  for  the  same  region  in  the 
I  )urchmusterung. 

The  Durchmusterung  zone  — 52°  to  — 62°  is  practically 
ci>nipleted,  and  it  is  expected  to  begin  the  printing  of  the 
catalog  about  October  i,  191 3. 

It  is  expected  to  finish  the  original  Durchmusterung  plan 
by  ()l>ser\Mng  the  region  between  — 62°  and  — 82°  as  soon 
a^  the  zone  — 52°  to  — 62°  is  completed. 

The  maps  of  the  zone  — 22°  to  — 42°  will  all  have  been 
rq>ubli>hed  about  the  end  of  the  present  year.  The  completion 
of  the  catalog  for  the  zone  —  52°  to  — 62°  will  make  available 
the  necessary  data  for  the  maps  of  — 42°  to  — 62°  and  these 
u  ill  he  un<lertaken  as  quickly  as  possible.  The  remaining  maps 
I  —  '^2  to  the  pole)  will  be  completed  as  soon  as  the  observa- 
ti<»n>  become  available. 

Oit^fRVATORIO   XaCIOXAL  .\iW;ENTINO, 

Cordoba.  July  12.  1913. 


SETH  CARLO  CHANDLER. 


By  R.  H.  Tucker. 


<  >ne  of  the  most  brilliant  minds  in  American  astronomy 
I>a-sc<l  away  at  the  close  of  the  month  of  December.  For 
the  greater  part  of  his  life.  Dr.  Seth  Chandler  had  devoted 
his  lime  and  energy  to  the  investigation  of  astronomical  prob- 
lems, without  material  support  from  any  outside  source,  and 
without  holding  any  scientific  or  university  appointment.  In 
the  late  sixties  he  had  been  connected  with  the  Coast  Survey, 
practically  as  a  special  assistant  to  Dr.  B.  A.  Ck)iTLD;  and  in 
the  early  eighties  he  held  an  appointment  at  the  Harvard 
C< allege  (%servator>'.  During  this  last  epoch  he  computed 
and  distributed  the  greater  part  of  the  elements  of  comet  orbits, 
with  the  resulting  ephcmeridcs,  and  kept  up  a  service  for  the 
prcHTipt  circulation  of  astronomical  news.  The  co<le  for  the 
transmission   of   astronomical   telegrams,   which   he   compiled 
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soon  after,  with  Ritchie,  has  only  lately  been  practically 
superseded. 

The  pressure  of  his  family  affairs  prevented  his  joining  Dr. 
Gould  in  1869,  for  the  expedition  to  the  southern  hemisphere, 
that  was  to  result  in  the  foundation  of  the  Argentine  National 
Observatory  at  Cordoba,  and  in  such  impressive  contributions 
to  astronomy.  On  the  return  of  Dr.  Gould,  sixteen  years 
later,  the  early  intimacy  and  scientific  co-operation  of  the  two 
astronomers  were  renewed,  and  the  years  that  ensued,  up  to 
the  date  of  Gould's  death,  were  probably  Chandler's  most 
happy  and  fruitful  ones.  The  enthusiasm  and  zeal  of  the 
younger  man  were  balanced  and  restrained  by  the  judgment 
and  wide  experience  of  the  elder,  and  it  was  a  privilege  to 
see  the  two  minds  in  action,  each  responding  to  the  stimulus 
of  the  other. 

An  immense  amount  of  work  was  accomplished  by  Chand- 
ler in  the  investigation  of  the  latitude  variation,  reducing  and 
discussing  old  observations,  and  the  establishment  of  the  final 
accepted  form  of  the  variation  is  practically  entirely  due  to  his 
researches.  He  chose  to  attack  the  problem  independently, 
without  regard  to  previously  accepted  theory.  Without  testing 
for  any  definite  period,  he  treated  the  existing  observational 
material  with  the  period  as  an  unknown.  The  result  gave  the 
fourteen-month  term,  superimposed  upon  the  annual  term,  and 
these  satisfy  the  accepted  movement  of  the  pole,  with  ver>- 
slight  deviations.  The  outstanding  deviations  may  be  due  to 
systematic  errors  of  observation,  like  those  involving  a  change 
in  refractions,  or  to  the  existence  of  some  other  small  term  in 
the  variation,  like  that  known  by  Kimuras*  name,  but  these 
deviations  are  extremely  small. 

Investigation  of  the  aberration,  and  of  the  fundamental  con- 
stants of  astronomy,  came  in  as  by-products  in  the  steady 
grind  upon  the  variation  of  latitude. 

In  variable-star  discussions,  Dr.  Chandler  was  an  authority 
of  first  rank,  tho  never  as  an  observer.  His  work  upon  the 
subject  had  been  admirably  classified,  and  put  in  order,  and 
every  available  source  of  information  in  regard  to  any  particular 
star  can  be  conveniently  and  quickly  looked  up  in  his  librar}- 
of  variable  stars. 
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After  Dr.  Gould's  death,  Chakdlek  became  the  editor  of 
the  Astronomical  Journal,  founded  by  Gould  in  1849,  but 
suspended  between  1861  and  1885.  As  associate  editors.  Pro- 
fessors AspAH  Hall  and  Lewis  Boss  were  joined,  in  the 
early  years.  After  1908,  Professor  Boss  became  principal 
editor,  with  Chandler  and  others  as  associates.  But  Chand- 
i-E«'s  heahh  had  been  severely  broken,  mainly  by  the  excessive 
and  unrestrained  zeal  with  which  he  worked  in  his  most  active 
perio<is.  and  the  last  few  years  have  been  practically  spent  in 
retirement,  with  Httle  hope  of  rehabilitation. 

He  was  sixty-seven  years  old,  having  been  bom  and  edu- 
cated in  Boston.  He  was  an  actuary  in  insurance  for  many 
years,  and  held  important  posts  of  private  and  corporate  trust. 
He  received  the  Watson  medal  of  our  National  Academy  of 
Sciences  and  the  gold  medal  of  the  Royal  Astronomical  So- 
ciety of  England,  as  recognition  of  his  notable  contributions 
to  astronomy.  

JOHN   ROBIE   EASTMAN. 


By  R.  H.  Tuckee. 


Another  one  of  the  coterie  of  astronomers  that  gave  sub- 
stantial reputation  to  the  Naval  Observatory  at  Washington 
died  in  September  last.  Professor  J.  R.  Eastman  had  been 
retired,  at  the  naval  age  limit  of  sixty-two  years,  in  1898,  tho 
his  promotion  to  the  rank  of  rear  admiral  came  some  eight 
years  later. 

He  was  bom  at  Andover  in  1836  and  was  g^duated  from 
Dartmouth  in  1862,  the  college  that  later  gave  him  the  degrees 
of  M.  S.  and  Ph.  D.  He  obtained  a  position  as  assistant 
astronomer  at  the  Naval  Observatory  soon  after  his  gradua- 
tion, and  three  years  later  was  promoted  to  the  rank  of  pro- 
fessor of  mathematics  in  the  U.  S.  Navy. 

TTie  staff  of  the  observatory  in  those  years  included  among 
its  distinguished  names  those  of  Newco.mb,  Hall,  Holden, 
FIarkness,  Frisbv,  Skinner  and  Paul,  Of  these  Dr.  Holden 
is  now  at  West  Point,  Professors  Frisbv  and  Skinner  are 
retired,  and  Professor  Paul  is  at  Annapolis. 
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The  work  of  Professor  Eastman  was  mainly  done  with  the 
meridian  circle,  at  an  epoch  when  the  greater  part  of  the  re- 
sources of  the  principal  observatories  was  devoted  to  obser- 
vations of  star  positions  and  the  resulting  discussion  of  stellar 
motions.  The  great  national  observatories  will  still  continue 
in  this  line,  undoubtedly,  along  with  the  observations  of  Sun, 
Moon,  and  planets.  Privately  endowed  observatories  are 
taking  up  the  astrophysical  researches  more  and  more,  and 
photography  is  extending  the  measurement  of  star  positions 
to  those  of  the  fainter  classes. 

The  greater  part  of  Eastman's  work  is  contained  in  the 
Second  Washington  Catalog,  published  in  1898  (Appendix 
I,  Wash.  Obs.  1892).  The  observations  were  made  with  the 
old  Pistor  and  Martins  transit  circle  of  Syi  inches  aperture, 
and  were  reduced  to  the  epoch  1875.0,  the  epoch  of  many 
other  sets  of  observations  of  that  period. 

In  1878,  nearly  the  entire  staff  of  the  Naval  Observatory- 
went  to  Colorado  to  observe  the  total  eclipse  of  the  Sun,  and 
Professor  Eastman  was  of  the  party.  Among  other  astron- 
omers of  this  country  who  probably  had  their  only  eclipse  ex- 
perience at  that  time  were  Boss  and  Saffojid.  Those  were  the 
days  of  visual  observations  only,  and  the  collection  of  sketches 
of  the  corona,  made  often  by  hands  unskilled  in  graphical 
work,  shows  a  wide  variety  of  impressions. 

In  1882  our  government  fitted  out  eight  parties  for  the 
observation  of  the  transit  of  Venus  in  various  parts  of  the 
world,  and  Professor  Eastman  was  ordered  with  his  party 
to  Florida.  A  French  expedition,  chaperoned  by  Mr.  Prestox 
of  the  Coast  Survey,  also  observed  the  transit  in  Florida. 

Professor  Eastman  had  been  vice-president  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  and  presi- 
dent of  the  Washington  Academy  and  of  the  Washington 
Philosophical  Society.  He  was  seventy-seven  years  of  ag^e 
at  the  time  of  his  death. 
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PLANETARY   PHENOMENA    FOR   MARCH    AND 
APRIL,  1914. 


By  Malcolm  McNeill. 


PHASES  OF  THE  MOON»  PACIFIC  TIME. 

Fir^t  Quarter  .Mar.4,  9**  3"pm.  '  First  Quarter  ..  Apr.  3,  ii»»4I">a  m. 
Full  Moon  ...  *•  II.  8  18  p.m.  i  Full  Moon  ....  "  10,  5  28  a.m. 
LaM  Quarter  ..  "  18. 11  39  a.m.  Last  Quarter  . .  "  16,11  52  p.m. 
New  Moon  ..."   26.10     9    A.M.      New  Moon —    '*   25,   3   22    a.m. 


The  second  eclipse  of  the  year,  a  partial  eclipse  of  the  Moon, 
will  occur  on  March  nth.  It  will  be  visible  generally  thruout 
out  the  United  States.  It  is  nearly  total,  the  maximum  obscura- 
tion being  92  per  cent.  The  principal  circumstances  are  as 
follows.  Pacific  time: — 

Moon  enters  penumbra  March  11,    5*»  41"  P-M. 

Moon  enters  shadow  **      11.    6    42     p.m. 

Middle  of  the  eclipse "      11.    8    13     p.m. 

Moon  leaves  shadow  '*      11,    9    44     p**. 

McKin  leaves  penumbra  "      1 1,  10    45     p.m. 

The  Sun  passes  the  vemal  equinox  and  spring  begins  March 
21  St,  3  A.  M.  Pacific  time. 

.\fcrcury  on  March  ist  is  an  evening  star,  setting  about  an 
hour  and  a  quarter  after  sunset,  and  may  therefore  be  seen 
un<icr  good  weather  conditions;  but  this  condition  lasts  only 
a  few  days,  as  the  planet  rapidly  approaches  inferior  conjunc- 
tion, which  it  reaches  on  the  morning  of  March  loth,  and 
becomes  a  morning  star.  It  then  moves  out  toward  greatest 
we<it  elongation,  reaching  this  on  April  6th,  when  its  distance 
fnim  the  Sun  is  27°  46'.  This  greatest  elongation  is  much 
greater  than  the  average  greatest,  as  it  occurs  only  one  day 
after  aphelion  passage;  but  as  the  planet  is  more  than  10'' 
south  of  the  Sun  at  this  time,  the  interval  between  the  rising 
of  the  planet  and  of  the  Sun  will  at  its  best  be  scarcely  more 
than  an  hour,  and  the  conditions  for  visibility  are  tlierefore 
not  gcKwl.  The  planet  will  then  gradually  approach  the  Sun, 
being  well  on  toward  sui)erior  conjunction  by  the  end  of  the 
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monthi  Mercury  will  be  in  conjunction  with  Venus  on  March 
6th,  passing  it  5°  28'  to  the  north. 

Venus  is  an  evening  star,  having  passed  superior  conjunc- 
tion with  the  Sun  on  February  nth,  but  will  not  be  easy  to 
see  during  early  March  on  account  of  its  nearness  to  the  Sun. 
It  will  set  less  than  half  an  hour  after  sunset  until  near  the 
middle  of  the  month.  Its  apparent  distance  from  the  Sun  in- 
creases somewhat  rapidly,  and  by  the  end  of  April  the  interval 
between  the  setting  of  the  Sun  and  of  the  planet  will  be  more 
than  an  hour  and  a  half.  It  will  therefore  be  an  easy  object 
during  April,  but  will  not  be  nearly  as  conspicuous  as  it  will 
be  during  the  autumn,  when  its  real  distance  from  the  Earth 
will  be  much  less.  On  April  ist  its  distance  from  us  will  be 
i55»ooo,ooo  miles,  and  at  the  time  of  greatest  brightness  next 
October  its  distance  will  be  only  40,000,000  miles. 

Mars  is  still  in  fine  position  for  evening  observation,  remain- 
ing above  the  horizon  until  half -after  three  on  March  ist,  and 
until  nearly  i  a.  m.  on  April  30th.  During  the  two  months  it 
moves  about  24°  eastward  and  5°  southward  from  the  con- 
stellation Gemini  into  Cancer.  About  the  middle  of  April  it 
is  about  5°  south  of  Pollux,  p  Geminorum,  a  position  less  than 
1°  south  of  the  position  it  held  in  December,  191 3.  Since  its 
opposition  in  January  its  path  has  been  several  degrees  north 
of  the  ecliptic,  and  on  March  22d  reaches  its  greatest  helio- 
centric latitude  north.  Its  brightness  is  rapidly  growing  less, 
being  on  March  ist  only  41  per  cent  of  that  at  opposition  and 
on  April  30th  only  16  per  cent.  On  March  ist  its  distance 
from  the  Earth  is  88,000,000  miles,  only  a  little  less  than  the 
Earth's  mean  distance  from  the  Sun,  and  by  the  end  of  April 
its  distance  from  the  Sun  is  140,000,000  miles.  On  April 
26lh  it  is  in  aphelion,  its  distance  from  the  Sun  being  on  that 
date  155,000,000  miles. 

Jupiter  is  a  morning  star,  and  is  now  far  enough  away  from 
the  Sun  to  be  easily  visible.  It  rises  shortly  after  5  a.  m.  on 
March  ist  and  at  a  little  before  2  a.  m.  at  the  end  of  April. 
It  is  in  the  copstellation  Capricorn  and  moves  about  12°  east- 
ward and  3°  northward  during  the  two  months. 

Saturn  is  still  in  good  position  fer  evening  observation, 
altho  it  sets  earlier.     On  March   ist  it  sets  somewhat  after 
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1  A.  M.  and  on  April  30th  at  a  little  before  10  p.  m.  Its  general 
position  in  the  sky  is  about  two  hours  west  of  Mars,  It  is  in 
the  constellation  Taurus,  and  on  March  ist  is  about  5^  north 
and  east  of  the  first-magnitude  star  Aldebaran,  a  Tauri.  Dur- 
ing March  and  April  it  moves  about  5°  eastward  and  1°  north- 
ward. As  seen  in  the  telescope  the  ratio  of  minor  to  major  axis 
of  the  rings  remains  about  the  same,  a  little  less  than  one  half. 

Uranus  is  a  morning  object,  rising  about  an  hour  and  a  half 
before  sunrise  on  March  ist  and  at  about  half-after  one  on 
April  30th.  It  is  in  the  constellation  Capricorn  and  moves 
about  2°  eastward  and  a  little  northward  during  the  two 
months.  It  is  very  close  to  Jupiter  early  in  March,  the  planets 
being  in  conjunction  on  March  4th  about  i  a.  m.  Pacific  time. 
Uranus  is  then  only  c/  south  of  Jupiter,  The  planets  will  sep- 
arate rather  slowly,  about  lo'  daily,  Jupiter  moving  relatively 
faster  eastward,  and  by  the  end  of  April  Jupiter  will  be  about 
8^  east  of  Uranus. 

Septum  is  in  the  evening  sky,  setting  about  4:30  a.  m.  on 
March  ist  and  at  about  12:30  a.  m.  on  April  30th.  It  is  on 
the  border-line  between  the  constellations  Gemini  and  Cancer. 
It  will  be  in  conjunction  with  Mars  on  April  21st,  the  latter 
passing  2^  34'  north  of  Septune, 


(EIGHTY-FIRST)    AWARD   OF   THE   DONOHOE 

COMET-MEDAL. 
The  Comet-Medal  of  the  Astronomical  Society  of  the  Pa- 
cific has  been  awarded  to  Mr.  P.  T.  Delavan,  of  La  Plata, 
Argentina,   for  the  discovery   of  an   unexpected   comet   on 
December  17,  1913. 

Committee  on  the  Comet-Medal: 

W.  W.  Campbell. 

S.   D.  TOWNLEV, 

H.  D.  Curtis. 


NOTES    FROM    PACIFIC   COAST   OBSERVATORIES. 


Improvements  in  the  Crossley  Mounting. 

When  the  Crossley  reflector  was  presented  to  the  Lick  Ob- 
servatory in  189s  the  mounting,  which  dated  back  to  about 
the  year  1880,  was  found  to  be  lacking  in  the  rigidity  and 
steadiness  necessary  for  successful  photographic  work.  Many 
excellent  photographs  were  secured  with  it  in  this  form,  but 
there  were  also  many  failures  due  primarily  to  the  deficiencies 
of  the  mounting.  It  was  accordingly  remounted  in  1905.' 
The  change  was  a  very  complete  one ;  to-day,  absolutely  all 
that  remain  of  the  original  instrument  and  equipment  as  it 
came  from  England  are  the  dome,  the  36^ -inch  mirror,  and 
the  iron  bucket  which  holds  the  lead  clock  weights. 

The  original  mounting,  as  is  well  known,  was  of  the  fork 
form :  for  the  new  mounting  Dr.  Perrine  wisely  chose  the 
English  equatorial  form,  with  a  long  polar  axis  supported  by 
a  pier  at  each  end.  He  was  anxious  to  secure  as  long  a  driving 
arm  as  possible,  to  give  great  steadiness  of  movement,  and  so 
adopted  the  plan  of  driving  by  two  sectors  of  8-foot  radius. 
The  details  of  this  double-sector  drive  were  ingeniously  worked 
out :  there  are  two  exactly  similar  sectors  and  driving  worms ; 
and  while  one  sector  is  driving,  the  other  is  reversing  at  a 
slightly  greater  speed,  so  that  the  effect  of  a  nearly  continuous 
drive  was  secured.  However,  several  minutes  were  lost  each 
hour,  as  it  was  necessary  for  the  observer  to  leave  his  guiding 
twice  in  this  interval,  once  to  stop  the  reversing  sector  at  the 
end  of  its  reverse,  and  once  to  change  from  one  sector  to  the 
other.  With  sector  A  driving  and  sector  B  reversing,  for  in- 
stance, the  cycle  of  operations  was  as  follows: — 

'  Lirk  Observatory  Bulletin.  3,   124,   1905. 
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I.  Stop  motion  of  B  at  end  of  reverse. 

Interval  of  about  fifteen  minutes. 
J.  When  A  reached  end  of  drive,  cover  pbte,  and  move  a 

shift  lever,  which  caused  both  worms  to  drive. 
J^  Clamp  in  sector  B. 
4.  Unclamp  sector  A. 

V  Finish  movement  of  shift  lever;  B  now  driving,  A  "dead.** 
^    Move  another  lever  to  cause  A  to  reverse. 

\  movement  of  a  lever  in  any  way  out  of  this  specified  order 
v\«ul<i  stop  the  clock  instantly,  and  this  occasionally  happened 
in  the  sleepy  morning  hours. 

The  change  from  a  single  central  pier  to  the  two  piers  of  the 
new  mounting  necessitated  the  discarding  of  the  rising  platform 
t'f  the  original  Crossley  mounting,  and  in  its  place  recourse 
waN  ha<I  to  an  upper  floor  with  a  large  central  opening.  On 
thiv  upper  floor  were  two  sliding  sections,  which  could  be 
moved  out  some  distance  over  the  central  opening,  and  to 
reach  the  eye  end  in  various  positions  of  the  telescope  a  six- 
i«  "ot  and  a  nine-foot  ladder  were  available.  But  in  many  posi- 
tions of  the  telescope  the  use  of  this  method  entailed  great 
strain  and  fatigue  on  the  part  of  the  observer;  north  of  the 
7cnith  the  only  method  available  was  a  rather  precarious  plank 
^atfold  stretched  over  the  polar  axis  from  one  ladder  to  the 
other.  The  amount  of  labor  involved  in  constant  ascents  and 
descents  of  these  ladders  when  picking  up  faint  objects,  and 
in  changing  sectors  and  manipulating  the  dome,  the  sliding  floor 
sections,  and  the  ladders  with  changing  hour  angles,  can  be 
ai>preciated  only  by  those  who  have  worked  with  the  instru- 
ment. It  is  only  fair  to  Dr.  Perri.ne  to  state  at  this  point 
that  he  always  had  in  mind  the  installation  of  e<iuipment  to 
make  the  work  of  observing  easier,  but  financial  limitations  at 
tliat  lime  rendered  necessary  the  adoption  of  less  expensive 
cxf»e<licnts. 

In  I>hniar\',  ic>io,*  the  instrument  was  dismounted  and 
anti-friction  roller-bearings  were  put  in  im  both  |H)lar  and 
•  Urination  axes,  with  other  minor  improvements.  These 
changes  a<lded  very  greatly  to  the  ease  of  motion  of  the  tele- 
-^••:te.     I'earings  of  the  same  tyi>e  had  previously  (  kk^O  been 

.■      .1'  .«!    -f.  S.  r..  IS.   40.  1910. 
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put  on  the  declination  axis  of  the  37-inch  Mills  reflector  at 
Santiago,  but,  so  far  as  I  know,  this  application  to  the  Crossley 
was  the  first  case  in  which  such  bearings  were  used  thruout 
for  a  heavy  instrument  with  the  entire  elimination  of  all  friction 
wheels,  counterpoises,  and  ordinary  bearings.  The  old  fear 
that  such  roller  bearings  would  fail  to  give  sufficiently  steady 
motion  or  sufficient  permanency  of  adjustment  has  been  found 
to  be  entirely  groundless,  and  the  bearings  of  several  large 
reflectors  now  being  constructed  will  be  of  similar  type. 

With  regard  to  the  unique  double-sector  drive,  were  the 
instrument  to  be  rebuilt,  it  is  probable  that  a  full  worm  wheel 
giving  perfectly  continuous  drive  would  be  used  instead  of  the 
double-sector  plan.  Room  for  a  wheel  of  sufficiently  large 
radius  would  be  secured  by  mounting  it  on  a  southern  prolon- 
gation of  the  polar  axis.  This  change  in  design  would  be 
made  solely  on  the  grounds  of  greater  simplicity  and  to  secure 
the  advantages  of  a  perfectly  continuous  drive,  for  the  present 
sectors  are  equivalent  to  a  driving  wheel  sixteen  feet  in  diam- 
eter, and  they  drive  beautifully. 

When  plans  were  made  in  May,  1913,  to  increase  the  efficiency 
of  the  Crossley  accessory  equipment,  some  thought  was  given 
to  the  project  of  discarding  the  present  sectors  and  of  mount- 
ing a  full  worm  wheel  inside  the  south  bearing  of  the  present 
polar  axis.  But  the  available  bearing  space  for  such  a  wheel 
is  very  small;  the  wheel  would  have  had  to  be  of  a  crowned 
or  bell  shape ;  the  change  would  have  made  necessary  a  prac- 
tically new  clock;  and  the  expense,  particularly  of  the  time 
necessary  to  grind  up  a  new  wheel  which  should  drive  as  per- 
fectly as  the  present  sectors,  seemed  prohibitory.  It  was 
accordingly  decided  to  keep  to  the  present  form  of  drive  and 
to  install  an  electrically-operated  automatic  sector-changer  in- 
stead. At  the  same  time  designs  were  made  and  work  was 
started  on  an  adequate  observing  platform,  an  electric  slow 
motion  in  right  ascension,  and  electric  clamps. 

The  general  appearance  of  the  changes  made  is  shown  in 
the  accompanying  photograph  (see  frontispiece).  The  observ- 
ing platform  is  ten  feet  long  by  four  and  a  half  feet  wide.  It 
travels  on  wheels  moving  inside  the  flanges  of  two  six-inch 
I-beams,  which  make  an  angle  of  42®  with  the  horizontal.    The 
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distance  of  vertical  travel  of  the  platform  is  ten  feet.  The 
platform  is  raised  and  lowered  by  a  one-half  horse-power  motor 
at  the  bottom  of  the  frame,  not  visible  in  the  picture.  Long 
screws  are  used  to  raise  and  lower  the  platform,  as  this  plan  is 
self-locking,  and  no  counter-weights  are  provided.  The  long 
screws  have  ball-thrust  bearings  at  the  upper  ends,  and  are  sup- 
ported at  the  middle  by  bearings  which  automatically  recede  to 
allow  the  nuts  fastened  to  the  platform  to  pass  by.  Under  the 
steps  at  the  right  are  nine  trolley  wires,  which  carry  the  circuits 
from  the  platform  to  the  dome  and  platform  motors.  Limit 
switches  are  provided  to  stop  the  platform  automatically  at  its 
highest  and  lowest  points.  The  controllers  for  moving  the 
dome  and  the  rising  platform  are  located  on  the  front  of  the 
small  desk  at  the  right  end  of  the  platform.  The  structural 
iron  framework  of  the  steps  and  platform  support  is  rigidly 
attached  to  the  dome  and  revolves  with  it.  From  the  top  of 
the  steps  a  raised  walk  encloses  the  telescope  on  three  sides. 
TTiis  is  never  used  in  ordinary  observing,  but  is  provided  for 
emergencies  in  work  at  the  zenith  on  special  spectrog^aphic  or 
other  problems  which  might  necessitate  unusual  orientations 
of  the  movable  end-section  of  the  tube.  A  one-fourth  horse- 
power motor  has  been  installed  to  open  and  close  the  shutter. 
The  endless  cord  for  the  slow  motion  in  right  ascension,  which 
too  often  entangled  itself  on  bolts  or  projections,  has  been  sup- 
planted by  a  small  motor  connected  with  the  clock  train  by 
worm  gearing. 

The  general  scheme  of  the  electric  clamps  can  be  clearly  seen 
in  the  cut  Powerful  solenoids,  one  for  each  sector,  apply 
pressure  to  the  clamp  block  through  levers.  Catches  driven 
by  springs  and  attached  to  the  plungers  of  smaller  unclamping 
solenoids  are  driven  forward  when  the  clamp  lever  reaches  its 
highest  point  and  hold  it  there.  In  unclamping,  the  smaller  solen- 
oid pull!»  back  the  catch  and  allows  the  clamping  lever  to  fall. 

The  upper  portion  of  the  automatic  sector-change  mechanism 
may  be  seen  through  the  small  opening  in  the  floor ;  this  open- 
ing, as  well  as  the  worms,  are  kept  covered  during  work.  A 
full  description  of  this  mechanism  could  be  given  only  with 
the  aid  of  its  working  drawings.  In  brief,  it  consists  of  a  strong 
shaft  driven  by  worm  and  gearing  from  a  small  motor  so  as  to 
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make  one  revolution  in  about  twenty  seconds.  This  shaft  car- 
ries three  cam  wheels  six  inches  in  diameter ;  also  a  cylindrical 
commutator  whose  segments  are  properly  shaped  to  give  the 
necessary  intermittent  action  in  connection  with  contacts  made 
by  the  sectors  at  each  end  of  their  travel.  Twelve  spring  con- 
tacts bear  on  the  commutator  segments  and  provide  for  the 
automatic  action  of  the  cam  shaft  and  shift  gears,  for  the  auto- 
matic clamping  and  unclamping  when  sectors  are  changing, 
and  also  provide  selectively  for  the  clamp  switch  at  the  eye 
end  of  the  telescope,  so  that  when  one  sector  is  driving  only 
that  sector  may  be  clamped  or  undamped  by  the  observer. 
Roller-pins  in  the  cam  grooves  give  motion  to  the  three  rods 
which  move  the  shift  gears  in  the  worm  mechanism ;  the  points 
of  the  shifting  gears  are  chamfered  as  in  automobiles,  and  in 
addition  the  rods  are  provided  with  spring  joints,  which  g^ve 
them  one  quarter  of  an  inch  play  against  strong  springs.  A 
full  description  of  the  intermittent  action  of  the  commutator 
and  cams  is  unnecessary;  it  is  sufficient  to  say  that  it  goes 
through  all  the  operations  of  the  cycle  in  correct  order,  clamp- 
ing and  unclamping  the  proper  sectors  when  the  change  is 
being  made,  is  apparently  infallible,  and  is  entirely  automatic, 
the  observer  giving  no  thought  to  the  matter  except  to  cover 
the  plate  with  a  light  flap  during  the  eight  seconds  needed  for 
the  change  and  until  he  again  brings  the  guiding  star  up  to  the 
crosswire.  During  this  change  of  sectors  a  red  light  goes  on 
and  a  warning  bell  rings.  It  is  possible  to  take  up  the  unavoid- 
able small  "drift"  of  the  guiding  star  with  the  electric  slow  mo- 
tion and  be  guiding  again  15  seconds  after  the  warning  bell 
starts  to  ring,  which  makes  the  drive  practically  continuous. 

To  avoid  long  cables  in  the  electrical  connections  on  the 
telescope  tube  the  ten  wires  needed  tenninate  in  two  sets  of 
plugs  at  the  upper  end,  one  on  each  side  of  the  tube,  and  are 
also  carried  to  a  similar  bank  of  plugs  at  the  lower  end  of 
the  telescope.  With  the  exception  of  the  switch  for  manipulat- 
ing the  shutter,  every  operation  is  controlled  either  from  the 
platform  or  from  the  eye  end  of  the  telescope,  so  that  the 
observer  need  not  leave  the  platform  during  a  night's  work.  As 
<lirect  photography  with  the  instrument  is  carried  on  in  entire 
•<larkncss  ruby  lights  are  placed  at  the  front  comers  of  the 
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j'!atf'»rm  in  parallel  with  the  dome  and  platform  controllers, 
^•»  tiiat  the  observer  may  be  able  to  avoid  striking  the  telescope 
uhtrn  moving  either  the  platform  or  the  dome. 

Anu>ng  minor  conveniences  two  may  be  mentioned  which 
J  ave  Ixrcn  in  use  for  several  years:  the  right-angled  finder  (a 
»Ii^iis<'(l  comet  seeker),  and  a  counterbalanced  mirror  cover 
o»ntn»!led  by  a  cord  over  pulleys  at  the  eye  end  so  that  the 
mirror  may  be  quickly  and  easily  covered  when  putting  in  or 
taking  out  a  plate  in  positions  near  the  zenith.  The  broken 
fin«ler,  in  particular,  has  proved  itself  absolutely  indispensable 
in  actual  work. 

With  the  exception  of  the  original  mounting  of  the  Crossley 
n.tlcct<»r,  where  the  services  of  an  assistant  were  necessar>'.  all 
iVc  Uck  Observatory  instruments  have  always  been  on  the 
"'  nt-man"  plan.  1.  f.  no  assistant  or  helper  is  ever  employed 
in  the  «)rdinary  work  of  the  36-inch  refractor  or  of  the  reflector, 
^vA  cx|)erience  has  shown  that  the  observer's  personal  con- 
\t  nil  nee  and  frec<lom  from  fatigue,  and  the  ability  to  ait  down 
t'  a  minimum  the  time  and  effort  in  starting  work  or  changing 
f'»  n  one  object  to  another  are  factors  fully  as  important  as 
the  fxxsession  of  powerful  equipment.  In  these  respects  the 
''tctntly  installed  Crossley  improvements  have  very  greatly 
: '^creased  the  efficiency  of  the  instrument. 

HkBER   D.   ClRTIS. 

Ixisr   Standards  of    Photographic   Magnitidk   for  tiik 
Sklfxted  Areas. 

The  purpose  of  this  note  is  to  describe  briefly  a  program  of 
•  !ii>t<  metric  observations  now  in  progress  with  the  60-inch 
ftHcctnr  of  the  Mt.  Wilson  Solar  ()bservator\'.  It  involves  the 
«It termination  of  the  photographic  magnitudes  of  the  fainter 
^tar<  immediately  surrounding  the  central  star  of  each  of  the 
1 15  Selected  Areas  on  and  north  of  the  celestial  equator.  The 
'♦-inns  covered  are  2y  in  diameter,  and  it  is  projx)sed  to 
t'ttcnnine  upon  an  absolute  scale  the  magnitudes  of  all  the 
<Tnn;  that  may  be  registered  with  an  exposure  of  15  minutC'*. 
\\  \\h  satisfactor>'  observing  condition-?,  the  limiting  ma«rnitude 
^h'.iild  l)e  alxnit  17.5  on  the  photographic  scale.  Altho  the 
f  ..'u   interest  of  the  investigation  centers  in  the   faint  stars. 
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it  is  important  for  comparison  purposes  that  the  brighter  objects 
should  also  be  observed.  On  this  account  plates  of  short  ex- 
posure are  included.  An  absolute  scale  is  established  for  each 
region  by  means  of  diaphrams  and  a  wire  gauze  screen. '  The 
program  for  each  area  is  as  follows : — 


Exposure 
rime,  Min. 

Apertures 

No.  of 
Plates 

2 

6o,  32,  14,  9,  9,  14.  32,  6o 

2 

15 

6o,  32,  32,  6o 

I 

15 

6o,  screen,  screen,  6o 

I 

Of  the  460  plates  required  for  the  determination  of  the  rela- 
tive magnitudes,  225  have  already  been  obtained ;  and  of  this 
number  one  half  have  been  measured  and  reduced. 

The  results  will  be  reduced  to  a  homogeneous  system  by 
inter-comparison  and  comparison  with  the  pole.  The  program 
for  this  part  of  the  observations  has  not  been  definitely  deter- 
mined. A  tentative  arrangement  provides  for  the  inter- 
comparison  of  the  areas  of  each  zone  by  photographing  ad- 
jacent areas  on  the  same  plate  with  exposures  of  two  minutes. 
In  this  manner  each  zone  can  be  reduced  to  a  homogeneous 
system.  To  reduce  all  the  zones  to  the  same  zero  point,  com- 
parisons with  the  pole  will  be  made,  probably  at  intervals  of 
four  hours  in  right  ascension.  To  avoid  the  direct  comparison 
of  widely  distant  areas,  secondary  standards  will  be  established 
in  the  30°  and  60°  zones,  which  will  serve  for  the  determina- 
tion of  the  zero  points  of  the  zones  of  small  and  intermediate 
declination. 

An  indication  of  the  amount  of  material  which  will  thus  be 
accumulated  is  afforded  by  the  fact  that  the  photographs  for 
ten  areas  ranging  from  20°  to  72°  of  galactic  latitude  show  864 
stars,  an  average  of  86  per  area.  On  this  basis,  the  final  results 
should  include  magnitudes  for  nearly  10,000  stars. 

The  probable  precision  of  a  single  value  of  a  magnitude,  in- 
cluding scale  errors,  is  of  the  order  of  0.09  magnitude.  As 
an  average  of  four  values  will  be  available  for  each  star,  the 
mean  probable  error  of  a  catalog  magnitude  should  be  about 
0.05  magnitude.  Frederick  H.  Seares. 

Mt.  Wilson  Solar  Observatory, 
December  12,  1913. 
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Note  on  the  Double  Star  Ho  229. 

In  1886,  Hough,  with  the  i8>l-iiich  Dearborn  telescope. 
noted  a  faint  star  3"  north  of  the  6.0  star  B.  D.  +  14*^.1235 
( 1880.0  R.  A.  6^  II"  16^;  Decl.  +I4°26').  He  made  no 
measures,  and  the  pair  was  neglected  until  Doolittle  under- 
took the  remeasurement  of  all  the  Ho  stars.  His  note  is: 
"Examined  on  many  perfect  nights  [1901-1906],  but  no  com- 
panion seen.  Xo  prior  measures.  ...  I  think  it  very  prob- 
able that  the  companion  has  no  real  existence." 

Oi  the  night  of  January  10,  191 4,  however,  I  found  the 
companion  a  fairly  easy  object  to  measure ;  one  that  could  not 
escape  notice  in  a  telescope  even  smaller  than  the  18-inch  of 
the  Flower  Observatory.  Apparently  there  has  been  a  change. 
>ince  \ijo6,  either  in  the  brightness  of  the  small  star  or  in  its 
distance  from  the  primary.    My  measure  gives  the  position : — 

1914.027    325*^.5    2".3i    6.0 — 12.5    36-inch,  seeing  2 

R.   G.    AlTKEN. 

Note  on  Comet  /;9I3  (Delavan). 

The  sixth  comet  of  the  year  191 3  was  discovered  by  Dela- 
van at  La  Plata  Observatory,  Argentina,  on  December  17th. 
Tho  described  as  "visible  in  a  large  telescope."  it  was  seen  at 
Mt.  Hamilton  on  December  i8th  with  the  3-inch  finder  of  the 
12-inch  equatorial.  The  comet  is  small,  with  a  sharp  nucleus 
and  without  a  tail.  Gouds  prevented  an  accurate  measure  of 
pr>sition  on  that  night,  and  moonlight  and  stormy  weather 
made  it  impossible  to  secure  any  on  later  dates.  An  approxi- 
mate position  secured  by  Dr.  Havnes  on  January  19.75  G.  M.  T. 
gives  R.  A.  2*  42"  ±. ;  Decl.  —  3°  9'  :±.  This  does  not  agree 
at  all  well  with  the  predicted  places  from  any  of  the  published 
orbits.  R.  G.  Aitken. 

The  20-In'ch  Telescope  for  the  Chabot  Observatory. 

The  new  equatorial  for  the  Chabot  Observatory  has  ad- 
vanced to  the  point  where  it  is  in  actual  course  of  construction ; 
the  Warner  &  Swasev  Company  having  been  the  successful 
bi*lders  for  the  entire  telescope.  The  optical  parts  will  be 
made  by  the  John  A.  Brash Ev\r  Company. 
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The  objective  will  be  of  Jena  glass,  with  a  focal  length  of 
28  feet.  The  circles  will  have  both  coarse  and  fine  graduations, 
and  they  and  all  parts  of  the  instrument  will  have  full  electric 
illumination.  The  position  micrometer  will  have  an  8 J/^ -inch 
circle.  The  driving  clock  will  be  wound  by  electric  motor.  A 
sidereal  circle  and  quick  motion  in  right  ascension  will  be  pro- 
vided; also  two  finders  —  a  short  focus  of  3-inch  aperture 
and  a  standard  focus  of  4 J^ -inch  aperture. 

The  discs  for  the  objective  have  been  ordered  and  the 
mounting  is  already  under  way,  for  the  Warner  &  Svvasev 
Company  intend  to  place  it  in  the  Panama-Pacific  Exposition. 
At  the  close  of  the  exposition  it  will  be  brought  to  Oakland 
and  installed  in  the  new  building. 

The  work  on  the  building  and  the  removal  of  the  present 
equipment  will  begin  in  the  autumn  of  this  year. 

The  site  has  not  yet  been  selected,  several  having  been  offered 
free  of  cost.  Two  of  these  are  entirely  satisfactory  from  an 
astronomical  standpoint,  possessing  unusual  freedom  from  fog 
and  having  intervening  hills  cutting  off  the  lights  from  the  city. 

Charles  Burckhalter. 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


In  accorcUocc  with  a  recent  arrangement  the  members  of  the  scientific  suif  of 
th^  Uck  Obaerratory  hold  meetinga  once  per  week,  as  an  obaervatory  duty,  to  report 
u;*wn  and  discuM  the  more  important  articles  appearing  in  the  journals  of  astronomy. 
t^e  PBportant  new  books  on  astronomical  subjecta,  or  subjects  of  current  and  special 
interest  in  the  observatory's  work.  It  has  been  suggested  that  abstracts  of  the 
rrtH>rt»  would  be  of  interest  to  the  readers  of  these  Pmbfications,  and  the  Publication 
Cutnmtttee  has  acted  favoraUy  upon  the  suggestion. 

It  >•  intended  to  preserve  the  qualities  of  abstracts  as  far  as  possible,  and  to 
rrvtrict  published  criticisma,  favorable  or  unfavorable,  to  a  minimum. 


A  New  Method  of  Measuring  Small  Displacements  of 
Spectrum  Lines. 

Bulletin  Xo.  32  of  the  Kodaikanal  Observatory  contains  an 
imjx>rtant  article  by  the  Director,  John  Evershed,  describing 
a  new  method  of  measuring  spectrograms. 

The  essence  of  the  method  consists  in  making  a  positive 
copy  of  the  negative  plate  to  be  measured,  in  placing  this 
ix»sitive  copy,  reversed  end  for  end,  almost  in  contact  with 
the  ordinar>'  negative,  and  in  moving  the  positive  with  refer- 
ence to  the  negative  so  that  the  positive  images  of  the  lines 
coincide  successively  with  the  negative  images  of  the  corre- 
>ponding  lines.  The  positive  measuring  plate  is  adjusted  in  a 
sp>ecial  instrument  so  that  there  is  a  0.05"*"  separation  of  the 
two  plates.  The  accuracy  of  the  adjustment  for  coincidence 
of  the  two  images  of  the  lines  depends  upon  the  sensitiveness 
of  the  eye  in  estimating  the  change  for  the  bright  and  dark 
contiguous  images  of  a  line,  to  the  perfectly  uniform  density 
which  results  when  the  positive  image  exactly  coincides  with 
the  negative.  Mr.  Evershed  finds  that  the  delicacy  of  this 
adjustment  is  greater  than  might  have  been  anticipated,  and 
is  independent  of  the  width  of  the  lines.  The  principal  ad- 
vantage claimed  for  this  method  is  that  the  accidental  errors 
of  measurement  are  reduced  by  reason  of  the  double  intervals 
measured.  It  is,  in  fact,  almost  equivalent  to  doubling  the 
linear  displacement  of  a  plate  without  altering  the  width  or 
flifinition  of  the  lines.  The  method  appears  to  be  entirely  free 
from  large  systematic  errors  which  exist  for  most  observers 
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when  they  measure  the  displacements  of  the  lines  in  an  absorp- 
tion spectrum  with  reference  to  the  bright  lines  in  a  comparison 
spectrum. 

The  method  cannot  be  used  if  there  is  asymmetry  of  the  spec- 
trum lines,  for  the  reversal  of  the  positive,  right  and  left,  brings 
the  denser  sides  of  the  images  together,  and  it  is  not  possible 
to  secure  uniformity  of  illumination  by  any  shifting  of  the 
positive  plate.  In  such  cases  Mr.  Evershed  makes  the  positive 
copy  by  exposing  thru  the  glass  of  the  positive,  and,  in  meas- 
uring, the  positive  is  placed  upon  the  ordinary  negative  in 
unreversed  position.  The  dispersion  effect  is  not  doubled 
under  these  circumstances. 

Various  other  photographic  devices  have  been  tried  and 
found  satisfactory.  For  example,  two  exposures  of  the  orig- 
inal negative  are  made  on  an  enlarged  scale.  One  of  these 
exposures  is  developed  as  an  ordinary  positive,  and  the  other 
is  treated  chemically  in  the  developing  stage  so  as  to  appear 
as  a  negative.  It  has  been  found  that  the  two  copies  may  be 
measured  with  reference  to  each  other,  with  extremely  accu- 
rate results. 

It  is  necessary  that  the  slit  of  the  spectrograph  be  adjusted 
to  perfect  perpendicularity  to  the  length  of  the  spectrum,  which 
is  easily  done,  and  that  the  exposure  of  the  original  negative 
be  timed  to  give  correct  intensity. 

A  number  of  possible  objections  to  the  method  are  men- 
tioned by  Mr.  Evershed  and  shown  to  be  insignificant,  or  at 
least  no  more  serious  than  objections  attaching  to  micrometric- 
wire  methods  of  measurement. 

Numerical  examples  are  quoted.  A  spectrogram  made  for 
determining  the  rotation  of  the  Sun  was  measured  by  the 
ordinary  method  and  by  the  positive-on-negative  method.  The 
probable  error  of  the  mean  result  from  the  ordinary  method 
was  =b  0.012*'"  and  from  the  positive-on-negative  method 
db  0.006*^"*.  For  another  spectrogram  the  probable  errors  were, 
old  method,  it  0.016*^™,  and  new  method,  ±:  0.006*".  Fourteen 
plates  for  solar  rotation  had  been  measured  to  date,  and  in  all 
of  these  the  residuals  are  smaller  by  the  new  method,  the 
average  probable  error  being  dr  0.015*"  by  the  old  method  and 
dz  0.009*"  by  the  new. 
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The  settings  upon  well-defined  lines  in  a  comparison  spec- 
trum, such  as  that  of  iron,  can  also  be  made  considerably  more 
accurately  by  the  new  method  than  by  the  old. 

The  principles  involved  in  Evershed's  method  resemble  those 
of  the  Hartmann  spectro-comparator,  but  are  capable  of  a 
much  greater  variety  of  applications.  W.  W.  Campbell. 

Ox  AN  Auroral  Expeihtion  to  Bossekop  in  the  Sprinc;  or 
1913,  BY  Carl  Stormer.* 

This  is  a  brief  account  of  Professor  Stormer's  second  expe- 
dition to  Bossekop  for  the  purpose  of  studying  the  aurora.  The 
first  one  was  undertaken  in  19 10,  and  the  experience  acquired 
nn  that  occasion  was  very  useful  in  planning  the  second  one. 
The  purposes  of  the  expedition  as  set  forth  by  the  author  were 
"to  obtain  more  accurate,  more  numerous  auroral  photographs 
for  the  determination  of  the  form  of  the  aurora,  and  its  height 
and  situation  in  space,  and,  further,  to  experiment  with  ob- 
jective-prism photographing  and  the  taking  of  cinematograph 
films.'* 

Ft>r  the  purpose  of  obtaining  parallaxes  simultaneous  observa- 
tions were  made  from  two  places  about  27y2  kilometers  apart. 
The  two  stations  were  almost  due  north  and  south  of  each 
nthcr.  The  observers  had  the  use  of  the  state  telephone  line 
between  the  stations,  and  in  order  to  expedite  intercommunica- 
tion between  them  the  switches  and  accessories  were  mounted 
on  the  observers  themselves  in  such  a  manner  as  not  to  inter- 
fere with  the  free  use  of  the  arms.  In  this  way  it  was  found 
p*>NsibIc  to  make  numerous  simultaneous  observations  from 
the  two  stations,  and.  in  all,  data  for  4,000  photographic 
determinations  of  parallax  were  secured. 

Sj>ectrum  investigations  seem  to  have  been  confined  to  the 
'securing  of  photographs  with  the  objective-prism.  It  is  to  be 
regretted  that  observations  with  a  slit  spectroscope  were  not 
un<lertaken  so  that  accurate  determinations  of  wave-length 
ciHikl  be  made. 

The  great  number  of  photographs  secured  and  the  excellent 
quality  of  those  reproduced  to  illustrate  the  article,  attest  the 
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great  value  of  the  work  of  the  expedition,  the  results  of  which 
will  be  worked  up  in  detail  for  a  later  paper. 

W.  H.  Wright. 

Xon-Selective  Transmissibility  of   Radiation   Through 
Dry  and  Moist  Air,  by  F.  E.  Fowle.^ 

The  data  for  this  investigation  were  secured  in  the  course  of 
the  measurement  of  the  solar  constant  of  radiation  by  the 
observers  of  the  Smithsonian  Astrophysical  Observatory. 
Observation  of  the  heat  radiated  by  the  Sun  involves  the 
determination,  on  each  occasion,  of  the  transparency  of  the 
atmosphere  for  rays  of  many  different  wave-lengths.  On  dif- 
ferent days  the  amount  of  water-vapor  varies,  so  that  it  is 
possible  to  set  up  an  equation  to  allow  for  the  effect  of  water- 
vapor  on  the  transparency  of  the  air,  and  to  calculate  the  trans- 
parency of  the  dry  air.  The  observations  were  made  at  Mt. 
Wilson  and  the  values  of  the  transparency  discussed  refer  to 
the  vertical  column  of  air  above  that  place. 

The  nature  of  the  process  of  atmospheric  absorption  is  one 
of  great  importance  from  many  points  of  view.  For  instance, 
the  validity  of  the  method  by  which  the  effect  of  this  absorp- 
tion is  allowed  for  in  the  investigation  of  the  solar  constant 
rests  on  the  assumption  that  the  absorption  is  "general,"  rather 
than  "selective."  Special  interest,  therefore,  attaches  to  Mr. 
Fowle's  comparison  of  his  observed  values  with  those  com- 
puted by  the  aid  of  the  formulae  due  to  Rayleigh,  Schuster, 
and  L.  V.  King  on  the  supposition  that  the  dimming  of  rays, 
on  passing  thru  the  atmosphere,  is  produced  by  the  molecular 
scattering  of  the  air.  The  agreement  between  observation 
and  theory  is  most  striking,  as  will  be  seen  from  the  following 
table : — 

Wage-lengths  (Angstroms)  — 

3700    4000    4300    4600    5000    6000    7500   10.000   15,000 

Transmission  of  column  of  dry  air  vertically  above  Mt.  Wilson — 
Observed       0.683      757      808     .851      .885*    .916*    .977        987       -990 
Computed      0.680     .755     .808     .850     .890*    .946*    -977        987        986 

The  results  marked  (^  are  in  regions  of  known  selective 
absorption  and  the  discrepancies  are  of  the  right  sign  to  be 
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;k  c-  'uninl  for  by  this  fact.  In  all  the  other  cases  the  agree- 
•vtTit  Inrtween  theon-  and  observation  is  remarkable  and  leaves 
I'.tt^e  <l<>ubt  that  the  absorption  of  light  above  Mt.  Wilson  on 
a  y^rfectly  dr>'  day  is  due,  except  in  the  limited  regions  just 
mVrre<l  to,  to  molecular  scattering  of  light.  The  observations 
Covered  the  sf)ectrum  from  3400  A  to  17000  A. 

A-^vuming  now  that  the  theory  of  scattering  is  correct,  the 
:i;uhi>r  ha<;  reversed  the  process  and  determined  the  number 
»•!  molecules  in  a  cubic  centimeter  under  standard  conditions  of 
tfnii>erature  and  pressure.  The  result.  2.56  X  lo**  is  in  close 
a;^reement  with  the  best  determination  by  other  methods, 
271  V  io*»  (Millikan). 

The  effect  of  light  scattering  by  molecules  of  water-vaix>r 
in  the  atmosphere  is  then  taken  up  and  is  found  to  be  much  in 
excess  of  theor>',  the  computed  values  being  only  one  sixty- 
fv»«rth  of  the  observed  ones.  Several  hypotheses  are  tentatively 
advanced  to  account  for  this  g^eat  discordance.  For  details 
<'i  the^:  the  original  papers  should  be  consulted. 

In  affording  a  pretty  conclusive  proof  that  the  atmospheric 
ahsoqnion  above  Mt.  Wilson  is  due  practically  entirely  to 
molecular  scattering  of  light.  Mr.  Fowle  has  also  shown  that 
the  sky  at  that  place  is  practically  free  from  dust  or  other 
foreign  material.  Astronomers  working  under  such  favorable 
C'-nditions  are  certainly  to  be  congratulated. 

W.  H.  Wright. 

Prkliminary  Statistics  of  Xebuue  and  Clusters. 

The  Observatory  of  Lund  has  taken  up  the  work  of  statis- 
tical investigation  of  nebulae  and  clusters — that  is,  statistics  of 
their  brightness,  size,  form,  and  distribution  over  the  celestial 
sphere.  A  card  catalog  has  been  formed  containing  all  the 
information  obtainable  concerning  these  objects.  Most  of  this 
information  has  been  taken  from  Drever's  three  catalogs, 
which  are,  the  New  General  Catalog  of  7.840  Nebulae  and 
<  lusters.  1890;  the  Index  of  1,529  Nebulae.  1895;  the  SJecond 
Index  of  3,857  Nebulse,  i(/>8.  These  catalogs  are  found  in 
the  Memoirs  of  the  Royal  Astronomical  Society,  Volumes  49, 
51.  5«).     The  three  catalogs  contain  a  total  of  13^226  objects 
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which  are  distinguished  by  five  classes :  clusters,  globular  clus- 
ters, planetary  nebulae,  annular  nebulae,  nebulae. 

During  the  further  collection  and  study  of  material,  the 
director,  C.  V.  L.  Charlier,  has  considered  it  advantageous  to 
publish  the  immediate  statistical  results  obtained  from  the  three 
catalogs,  but  without  discussion.  These  preliminary  results 
are  presented  in  fifty-two  tables  and  eleven  charts  in  pamphlet 
No.  15  of  the  Swedish  Academy  of  Stockholm.  Certain  facts 
are  self-evident,  but  other  conclusions  must  be  drawn  with 
great  caution.  The  main  interest  of  these  preliminary  results 
lies  in  the  distribution  of  the  objects  with  respect  to  the  Milky 
Way.  The  first  table  and  charts  give  the  distribution  of  the 
objects  with  respect  to  forty-eight  squares  of  the  celestial 
sphere.  The  table  shows  that  there  are  657  clusters,  112  glob- 
ular clusters,  133  planetary  nebulae,  13  annular  nebulae,  12,308 
nebulae.  The  charts  show  that  the  clusters  are  congregated 
in  the  celestial  polar  regions  and  along  the  Milky  Way,  and 
that  nebuli  are  most  numerous  in  galactic  polar  regions,  altho 
numerous  in  the  celestial  polar  regions. 

In  the  second  table,  11,486  of  the  nebulae  are  divided  into 
ten  grades  of  brightness.  A  maximum  number  of  3.322  are 
designated  as  "very  faint''  and  two  thirds  of  them  are  desig- 
nated "faint"  or  fainter  than  "faint."  The  charts  show  that 
the  nebulae  are  most  numerous  in  the  region  of  the  north  galac- 
tic pole,  particularly  the  1,700  brighter  and  the  500  brightest 
nebulae. 

In  the  third  table,  10,498  of  the  nebulae  are  divided  into  ten 
grades  of  size,  and  two  thirds  of  them  are  "small"  or  smaller 
than  "small" ;  that  is,  less  than  30"  in  diameter.  The  maximum 
number,  3,587,  are  designated  "small."  The  charts  again  show 
that  most  of  the  seven  thousand  small  nebulae,  and  of  the  two 
thousand  nebulae  of  mean  size,  and  of  the  eight  hundred  large 
nebulae  are  collected  round  about  the  north  galactic  pole,  altho 
many  are  found  in  the  celestial  polar  regions. 

In  the  fourth  table,  8,469  of  the  nebulae  are  divided  into  ten 
grades  of  form,  including  "round,"  "irregular,"  "extended." 
Again,  two  thirds  are  "round"  and  are  quite  evenly  distributed 
among  the  four  polar  regions.  Practically  all  of  the  680  "irreg- 
ular" nebulae,  however,  are  near  the  north  galactic  pole. 
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Further  tables  give  the  numerical  relations  between  size  and 
bnjjhtncss  for  the  stars  in  the  separate  squares  of  the  sky,  but 
n*  »t  yet  for  the  whole  celestial  sphere.  Data  upon  condensation 
in  the  nebulas  are  not  yet  analyzed.  The  relations  between  con- 
densation and  size,  and  form  and  brightness,  and  the  directions 
of  axes  of  symmetry  in  nebulae  are  yet  to  be  investigated. 

The  most  obvious  results  of  the  investigation  thus  far  are, 
tirst.  that  clusters  and  nebulx  incline  to  be  antipodal  classes  of 
celestial  objects,  which  is  a  well-known  point;  second,  that 
the  majority  of  nebulae  are  "faint"  and  "small"  and  "round" 
an<i  most  numerous  in  the  region  of  the  north  galactic  pole. 

G.  F.  Paddock. 

The  Red  Stars. 

A  little  piece  of  correlation  regarding  the  variability  of  red 
>tars  is  given  by  Mr.  Backhouse  of  the  West  Hendon  House 
( >bscrvatory  in  England,  in  the  recent  May  number  of  the 
Journal  of  the  British  Astronomical  Association,  He  was  led 
to  the  matter  by  the  question.  Are  all  red  stars  variable?  He 
ha^  compiled  a  list  of  1 18  stars  which  have  been  designated  by 
observers  as  red  or  reddish,  and  has  established  ten  grades  of 
reilncss.  These  118  stars  are  arranged  in  order  of  redness 
between  the  fourth  and  tenth  grades.  A  summary  gives  the 
f«>llowing  results:  All  of  the  12  very  red  stars  between  seventh 
and  tenth  grades  are  variables,  while  10  of  them  are  of  spectral 
class  \.  Eighteen  of  the  19  quite  red  stars  between  sixth  and 
seventh  grades  are  variables,  while  15  are  of  class  X  and  one 
ni  class  M.  Fifteen  of  the  28  red  stars  between  fifth  and  sixth 
tirades  arc  variables,  while  12  are  of  class  X  and  10  of  class  M. 
Twenty  of  the  59  stars  between  fourth  and  fifth  grades  are 
variables,  while  1 1  of  them  are  of  class  X  and  19  of  class  M 
and  16  of  classes  K  and  G.  The  percentage  of  variables  in 
the  four  groups  decreases  as  follows:  100.  95.  54,  34  per  cent. 
All  but  one  of  the  strongly  red  stars  between  sixth  and  tenth 
urades  are  variables  and  of  class  X.  Xeariy  half,  48,  of  this 
'ist  of  re<l  stars  are  of  class  X,  and  one  quarter.  30,  of  class  ^f. 
Flighty  per  cent  of  the  class  X  stars  and  50  per  cent  of  class  M 
are  variables.  While  not  all  red  stars  are  known  to  be  variables, 
it  ai)i)cars  that  variability  is  related  to  spectral  class  and  color. 

G.  F.  Paddock. 


GENERAL  NOTES. 


The  toll  of  deaths  among"  noted  astronomers  has  been  an 
exceedingly  heavy  one  during  the  past  few  months. 

Dr.  Seth  C.  Chandler,  for  a  long  time  editor  of  The  Astro- 
nomical Journal,  whose  life  and  work  during  the  past  quarter 
century  has  been  closely  linked  with  astronomical  progress  in 
America,  died  on  December  31,  1913,  after  a  brief  illness.  A 
brief  account  of  his  work  appears  upon  another  page. 

We  regret  also  to  record  the  death  of  Professor  Wixslow 
Upton,  on  January  8,  1914.  Professor  Upton  was  for  thirty 
years  head  of  the  Department  of  Astronomy  and  Director  of 
the  Ladd  Observatory  of  Brown  University,  and  is  well  known 
to  American  astronomers  and  students  through  his  **Star 
Atlas,"  and  by  his  contributions  to  astronomical  literature. 

We  note  in  Nature  the  announcement  of  the  death  of  the 
Rev.  Edmund  Ledger,  at  the  age  of  seventy-two.  For  thirty- 
three  years  he  was  professor  of  astronomy  at  Gresham  College. 
London,  and  was  the  author  of  several  popular  works  and 
articles  on  astronomical  subjects. 

Dr.  Julius  Scheiner,  Chief  Observer  at  the  Astrophysical 
Observatory  of  Potsdam,  died  on  December  20,  191 3.  at  the 
age  of  fifty-six.  Among  Dr.  Scheiner's  many  contributions 
to  astrophysics,  perhaps  the  most  generally  known  is  his  **  Stel- 
lar Spectroscopy."  An  account  of  his  work  will  be  given  in 
our  next  number. 

Dr.  Ladislas  Weinek,  Director  of  the  Observatory  of 
Prague,  died  on  the  12th  of  November.  191 3,  after  a  very  short 
illness,  at  the  age  of  sixty-six.  Dr.  Weinek  was  a  member  of 
many  scientific  societies,  and  is  perhaps  best  known  for  his 
publications  in  the  field  of  lunar  topography.  The  major  part 
of  Volume  III  of  the  Publications  of  the  Lick  Obscri'atory  is 
composed  of  the  beautiful  drawings  of  lunar  formations  made 
by  Professor  Weinek  from  a  study  of  negatives  taken  w^ith 
the  36-inch  refractor.  As  one  example  of  the  amount  of  care- 
ful and  painstaking  work  which  he  employed  in  making  these 
drawings,  the  beautiful  plate  of  Copernicus  alone  necessitated 
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n»  k'*^>  than  224^  hours  of  labor,  distributed  over  141  sep- 
arate (lays. 

Sir  Robert  Uall.  Lowndean  Professor  of  Astronomy  at 
Cambridge,  one  of  the  most  widely  popular  and  well-known 
«■!  rrKxIem  astronomers,  died  on  November  25,  191 3.  An 
account  of  his  life  is  given  by  Mr.  Hector  Macpherson.  Jr., 
in  the  January  number  of  Popular  Astronomy,  and  from  this 
article  we  quote  the  following  extracts: — 

R«>ft>KT  Stawell  Ball  was  a  native  of  Dublin,  where  he  was»  lM)rn 

♦  -n  July  1,  1840.  and  where  his  father.  Dr.  Robert  Ball,  was  a  well- 
tn*mn  naturalist.  ...  In  early  manhood  he  became  devoted  to 
astronomy,  and  in  1865  he  received  his  first  appointment — that  of 
iotr^momcr  to  the  Earl  of  Rosse  at  Birr  Castle,  Parsontown,  Ireland, 
»hrre  he  worked  for  two  seasons.  In  1874  he  was  made  Royal  Astrono- 
mer for  Ireland,  which  carried  with  it  the  directorship  of  the  Dunsink 
()l»%crvator>'.  In  the  same  year  he  commenced  his  career  as  a  public 
Wcturer  on  astronomy,  and  in  1886  he  received  the  order  of  knight- 
htK>d    .    .    .   He  continued  as  an  active  lecturer  and  author  on  astron- 

•  ifny  till  within  a  few  years  of  his  death,  when  he  abandoned  public 
Ucrurinif,  and  practically  retired  from  active  work  on  account  of  failing 
hcahh. 

Sir  RoflEST  Ball's  services  to  astronomy  were  of  two  kinds.  He  was 
(II  an  original  investigator  and  (ii)  a  popular  writer  and  lecturer.  In 
U  th  spheres  he  achieved  distinction. 

ti)  His  original  work  was  chiefly  accomplished  while  he  was 
Uircctur  of  Dunsink  Observatory  and  Royal  Astronomer  of  Ireland. 
Here  hi^  main  work  was  a  search  for  stars  with  large  paralbxes.  .  .  . 
Hml  was  a  mathematician  of  considerable  power.  For  twenty-five 
>car*  he  grappled  with  the  **Theory  of  Screws."  The  results  of  his 
imr ^ligations  were  summarized  in  memoirs  communicated  to  the  Royal 
In^h  Academy  from  1872  to  1897. 

Ill  I  In  1886  Ball's  career  as  an  independent  investigator  in  astron- 
t  riy  came  practically  to  an  end.  He  published  in  that  year  "The  Stor>' 
of  th^  Heavens"  and  commenced  his  career  as  a  popular  writer  on  the 
*.Mhjcct ;  ...  in  the  role  of  popular  lecturer  and  writer  he  achieved 
<ii%tinction  of  no  mean  order. 

Mr  was  a  prolific  writer;  among  the  works  which  appeared  from  his 
ji--n  in  rapid  succession,  the  following  may  be  named :  "The  Elements 
'.f  Asinniomy."  "The  Story  of  the  Heavens."  "Star  Land,"  "Time  ami 
TMje."  "In  Starry  Realms,"  "An  Atlas  of  Astronomy,"  "In  the  High 
Hra>ms/*  "Great  Astronomers,"  "A  Primer  of  Astronomy."  "The 
Fjih'*  Beginning,"  "Spherical  .Astronomy." 

\*  a  lecturer  he  visited  the  United  States  and  Canada.  In  addition, 
h^  fj\tled  practically  all  over  the  United  Kingdom.    It  has  been  truly 
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sM  of  him  that  "There  is  no  important  town  in  England,  Scotland, 
Ireland,  or  Wales  where  Sir  Robert  Ball  has  not  lectured  and  in  mosi 
cases  lectured  often.  At  a  very  modest  estimate,  over  one  million  people 
have  heard  him  lecture." 

It  was  his  peculiar  function,  then,  to  impart  to  the  amateur  and  to 
the  unlearned  listener  the  wonders  and  mysteries  of  astronomy;  and 
he  certainly  succeeded  in  making  his  science  popular.  Thus  his  death 
is  mourned  by  a  wider  circle  than  those  of  greater  and  less  popular 
men.  ...  He  will  long  be  remembered  as  the  expounder  of  the 
science  to  the  unlearned,  and  many  an  astronomer  owes  his  first  interest 
in  his  science  to  the  popularizing  work  of  the  genial  Irishman  who  has 
passed  into  the  Great  Beyond.  Astronomy  needs  both  its  students  and 
its  popularisers.  Science  has  a  duty  to  the  mass  of  mankind;  and  this 
duty  some  one  must  perform.  In  this  sphere  Sir  Robert  Ball  nobly 
performed  the  task  which  he  set  himself." 


Prises  Awarded  by  the  French  Academy  of  Sciences  in 
December,  19 13. — The  Lalande  prize  was  awarded  to  M.  J. 
BosLER  for  researches  on  abrupt  variations  of  terrestrial  mag- 
netism and  their  relation  with  disturbances  appearing  on  the 
Sun ;  the  Valz  prize  to  Professor  Alfred  Fowler  for  his  spec- 
troscopic work,  and,  in  particular,  for  his  contributions  to  our 
knowledge  of  the  origin  of  certain  bands  in  the  spectra  of  sun- 
spots,  comet  tails,  and  late-type  stars ;  and  the  De  Pontecoulant 
prize  to  M.  K.  Sundmann  for  his  studies  on  the  problem  of 
three  bodies. 

In  addition  to  these  distinctly  astronomical  prizes,  two  of 
the  general  prizes  offered  by  the  Academy  were  this  year 
awarded,  the  one  to  an  astronomer,  the  other  to  physicists 
whose  work  has  contributed  directly  to  astronomical  advance. 
The  Wilde  prize  was  awarded  to  M.  A.  Bonelly  for  his  life 
work  in  astronomy;  the  Pierson-Perrin  prize  was  divided, 
2.000  francs  each,  being  awarded  to  M.  Ch.  Fabry  and  M.  H. 
BuissoN  for  their  precise  determinations  of  the  wave-lengths 
of  spectral  lines  by  means  of  the  interferometer,  and  i.ooo 
francs  to  M.  Rudolphe  Soreau  for  a  treatise  entitled  **L'Helicc 
Propulsive." 

Among  the  grants  made  from  the  "Fonds  Bonaparte/*  was 
one  of  4,000  francs  to  M.  Le  Morvan  for  the  publication  of  a 
photographic  atlas  of  the  Moon,  and  one  of  2,000  francs  to 
M.  H.  Abraham  for  the  determination  of  velocity  of  propa- 
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(Ration  of  Hertzian  waves  between  Paris  and  Toulon.  It  is 
state<l  that  in  this  latter  research  a  new  galvanometer,  capable 
of  recording  the  time  of  passage  of  a  train  of  waves  to  1-40,000 
of  a  second,  will  be  employed. 


A  \ctc  Obscrt'atory, — We  learn  from  The  Obscnatory  for 
l>cceniber  that  Mr.  J.  H.  Worthington's  private  observatory 
at  Four  Mark,  near  Alton,  Hants,  England,  was  fonnally 
opened  on  Saturday,  November  8,  191 3.  The  equipment  in- 
cludes a  lo-inch  Cooke  refractor,  a  20-inch  reflector,  and 
smaller  instruments. 


In  the  Oxford  Notebook  of  the  s^me  issue  of  the  Observa- 
tory it  is  pointed  out  that  Trinity  College,  Cambridge,  has 
furnished  ten  members  of  the  staff  of  the  Royal  Observatory 
at  Greenwich  since  its  foundation ;  Jesus  College,  Cambridge, 
has  furnished  three,  including  the  recently  appointed  chief 
assistant,  Mr.  H.  S.  Jones,  and  no  other  college  more  than  one. 


According  to  Bulletin  538  of  the  Harvard  College  Observa- 
tory, Titan,  the  brightest  satellite  of  Saturn,  has  been  found 
to  be  variable.  This  conclusion  is  based  upon  a  discussion  of 
the  observations  by  the  late  O.  C.  Wendell.  Reduced  to  mean 
opposition  distance,  the  light  varies  regularly  from  magnitude 
8.53  to  8.77,  the  period  coinciding  with  the  time  of  revolution 
of  the  satellite. 

It  will  be  recalled  that  Japetus,  the  eighth  satellite  of  Saturn, 
exhibits  the  same  phenomenon,  the  range  of  brightness,  how- 
ever, being  about  1.78  magnitude,  from  10.40  to  12.18.  .As 
Professor  Pickering  says,  the  explanation  in  both  cases  is 
probably  that  one  side  of  the  satellite  is  darker  than  the  other. 


The  following  note  is  taken  from  Science  for  November  28, 
i<>i3:  •*The  new  seven  and  one-half-inch  photographic  tele- 
scope was  placed  in  position  in  the  Memorial  Observator)-  of 
the  Nantucket  Maria  Mitchell  Association  on  November  15th, 
the  mounting  and  final  adjustment  by  Alvan  Qark  &  Son's 
Corporation  completing  the  work.  The  lens  was  made  by  T. 
Cf>oke  &  Sons.  York,  England.    It  has  been  subjected  to  vari- 
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ous  tests  at  Harvard  G>llege  Observatory  by  the  Director,  Dr. 
Edward  C  Pickering,  personally,  and  by  his  several  assistants 
who  have  given  it  careful  attention.  Rev.  Joel  H.  Metcalf, 
whose  astronomical  discoveries  by  means  of  photographs  are 
well  known,  has  also  carefully  examined  its  work.  By  all  of 
these  it  is  pronounced  good.  The  Nantucket  Observatory  is 
ix)w  well  equipped  for  photc^raphic  study  of  asteroids  or 
other  heavenly  bodies," 

Miss  Margaret  Harwood  has  been  appointed  to  the  Fel- 
lowship of  the  association  for  the  year  beginning  June  15, 
1 91 4.    This  will  be  the  third  year  of  her  service. 


Readers  who  are  specially  interested  in  the  pn^ress  of  ob- 
servations on  Mars  should  not  miss  Professor  W.  H.  Picker- 
ing's "Monthly  Reports  on  Mars/'  the  first  of  which  was  pub- 
lished in  Popular  Astrononty  for  January,  1914. 


The  following  French  verses,  quoted  in  a  review  in  the 
Bulletin  of  the  American  Mathematical  Society,  may  interest 
those  who  find  difficulty  in  remembering  the  ratio  of  the  cir- 
cumference of  a  circle  to  its  diameter.  Count  the  letters  in 
each  word  separately,  and  write  the  sums  in  order.  They  will 
give  the  ratio  correct  to  thirty  decimals — 3. 14 1592653589793- 
238462643383279:— 

"Que  j'aime  a  faire  apprendre  un  nombre  utile  aux  sages! 
Imraortel  Archimede  artiste  ingenieur 
Qui  de  ton  jugement  peut  priser  la  valeur! 
Pour  moi  ton  proWeme  eut  de  pareils  avantages." 


The  American  Association  for  the  Advancement  of  Science 
held  its  sixty-fifth  meeting  at  Atlanta.  Georgia,  from  Decem- 
ber 29,  1913,  to  January  3,  1914.  Professor  E.  C.  Pickering. 
the  retiring  president,  delivered  the  annual  address,  taking  for 
his  subject  "The  Study  of  the  Stars.''  The  address  is  printed 
in  full  in  Science  for  January  2,  19 14. 

The  Astronomical  and  Astrophysical  Society  of  America 
inet  at  the  same  place  and  time,  several  of  its  sessions  bein^ 
joint  sessions  with  Section  A  of  the  Association. 
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Mr.  E.  W.  MAi'NnER,  for  many  years  superintendent  of  the 
S^lar  Department  of  the  Royal  Observatory  at  Greenwich. 
rctire<l  on  November  6.  1913,  in  accordance  with  the  regula- 
tinns.  having  completed  forty  years  of  service  in  the  institu- 
\\Knx.  In  addition  to  his  technical  papers,  Mr.  Maunder  has 
written  many  articles  and  books  of  interest  to  the  general 
reader,  one  of  the  most  recent  being  his  volume  discussing 
the  problem  of  "Life  on  Other  Worlds."  The  Obseri'atory 
recalls  attention  to  the  fact  that  he  was  also  the  founder  of 
the  British  Astronomical  Association. 


Just  as  this  number  of  the  Publications  is  going  to  press  we 
learn  from  press  dispatches  the  news  of  the  death  of  Sir  David 
("Jill,  and  are  compelled  to  add  one  more  name  to  the  already 
t(X)  long  list  of  great  astronomers  who  have  recently  passed 
away. 

Sir  D AMD  Gill  was  nearly  seventy-one  years  of  age,  and  for 
nearly  forty  years  had  been  a  commanding  figure  in  the  astro- 
nomical world.  The  list  of  his  published  papers  and  the  various 
astronomical  and  geodetic  investigations  which  he  inaugurated 
and  carried  thru  would  in  itself  be  a  long  one.  He  will 
doubtless  be  longest  remembered  for  his  long  and  valuable 
services,  both  as  an  investigator  and  as  an  executive  while  in 
charts  of  the  Observatory  of  the  Cape  of  Good  Hope. 

He  was  a  member  of  many  learned  societies,  and  the  recipi- 
ent of  many  honors  and  medak ;  our  members  will  recall  that 
he  was  the  third  to  be  awarded  the  Bruce  Gold  Medal  of  the 
Astronomical  Society  of  the  Pacific. 

He  retired  from  active  duties  in  1907,  but  continued  to  mani- 
fest almost  until  the  day  of  his  death  the  same  keen  and  vivid 
interest  and  the  same  wise  counsel  and  sane  judgment  in  astro- 
nomical problems. 
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Addendum  to  the  Minutes  of  the  Special  Meeting  of  the 

Astronomical  Society  of  the  Pacific,  held  in  the 

Rooms  of  the  Society  on  November  29,  1913, 

to  Consider  the  Award  of  the  Bruce 

Gold  Medal  for  the  Year  1914. 

There  were  present  Vice-President  R.  G.  AitKen  and  Directors 
Gushing,  Grawford,  Townley,  GdsxA,  Gornish,  Markwart,  and 
Richardson. 

The  proxy  of  Director  Geo.  E.  Hale  was  held  by  Vice-President 
Aitken. 

Nominations,  in  accordance  with  the  statutes  for  the  bestowal  of 
the  Bruce  ^tedal,  were  receiveld  from  the  Directors  of  the  observatories 
of  Harvard,  Lick,  Yerkes,  Greenwich,  and  Paris.  Berlin  did  not  exercise 
its  prerogative  to  nominate. 

After  full  discussion  of  the  merits  and  endorsements  of  the  various 
nominees,  a  ballot  was  taken,  which  resulted  in  the  unanimous  selec- 
tion of  Dr.  O.  Backlund,  Director  of  the  Royal  Observatory  of  Pul- 
kowa,  Russia,  as  the  Bruce  Medalist  for  I9i4. 

The  assenting  vote  of  record  was  as  follows:  Aitken,  Hale,  Go«- 
NisH,  Grawford,  Gosta,  Mark  wart,  Townley,  and  Richardson. 

D.  S.  Richardson. 

Secretary, 


Minutes  of  the  Meeting  of  the  Board  of  Directors  of 
THE  Astronomical  Society  of  the  Pacific,  held 
IN  THE  Rooms  of  the  Society  on  Jan- 
uary 31,  1914,  at  7:30  p.  m. 

There  were  present  Directors  Grawford,  Gushing,  Gornish,  Mark- 
WART,  and  Richardson.    Grawford  presided. 

Gommunications  were  read  by  the  Secretary  from  Professor  J.  N. 
Bowman  and  S.  L.  Boothroyd,  of  the  University  of  Washington,  in- 
viting the  Society  to  meet  in  Seattle  in  May,  1914,  at  the  time  of  the 
sessions,  in  that  city,  of  the  Pacific  Association  of  Scientific  Societies. 

After  some  discussion,  it  was  decided  that  conditions  were  not  favor- 
able at  present  for  such  action,  and  the  Secretary  was  instructed  to  so 
inform  Messrs.  Bowman  and  Boothroyd. 

A  communication  was  read  from  the  Secretary  of  the  Sociedad  As- 
tronomica  de  Barcelona,  Spain,  asking  an  exchange  of  publications. 
It  was  so  ordered. 

Adjourned. 

D.  S.  Richardson, 

Secretary. 
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MlVl'TES  OF   THE    AnNL'AL   MeETING   OF   THE   ASTRONOMICAL 

S<k:iety  of  the  Pacific,  held  in  the  Assembly  Hall 

OF  the   Phelan    Building,   San    Francisco, 

ON  January  31,  1914,  at  8x»  p.m. 

In  the  absence  of  both  President  McAdie  and  First  Vice-President 
AiTKf.N.  the  meeting  was  called  to  order  by  Director  R.  T.  Crawford. 

1  he  minutes  of  the  last  annual  meeting  were  approved  as  printed  in 
the  Publications. 

I'nder  the  head  of  Reports  of  G)mmittees,  reports  were  received  and 
approved  as  follows: — 

From  C  S.  Gushing,  Chairman  of  the  Finance  and  Auditing  Com- 
mittee, ^tating  that  the  books  and  accounts  of  the  Treasurer  had  been 
examined  and  found  correct 

From  D.  S.  Richardson,  Chairman  of  the  Library  Committee,  stat- 
ing that  «ixty  volumes  had  been  added  to  the  library  during  the  past 
>car 

From  the  Donohoe  Comet- Medal  Conmiittee  ac  follows: — 

>iE  cotnet«  wer*  dbcovered  In  the  year  1913,  as  fotlowt; — 

1  i>tnrt  «  i9tj.  an  unexpected  comet  dbcovercd  bjr  Montienr  A.  Schaumaam 
«i  tkc  Nice  Obaerratory.  May  6,   1913. 

Comet  ^  1913.  an  unexpected  comet  discorered  hf  Rererend  J.  H.  Mctcalf. 
at  Taunton.  Massachutctts,  Septeml)er  1,  1913. 

('•m>et  <*  1913*  an  unexpected  comet  diacovered  by  Monsieur  G.  NtvjMtif  at 
S.mrtm,   Rutaia,  September  3.   1913. 

( 4>met  4  1913.  Weatphal't  periodic  comet,  detected  on  it*  return  by  Mr.  P.  T. 
I>CLAV%«  at  tbe  National  Obsenratory.  La  Plata.  Argentina,  September  a6.  x^xy, 

1  imtet  r  i9«3.  Ciacobin't  periodic  comet,  detected  on  it»  return  by  Herr  E. 
Zivnra  at   Bamburg.  Germany,  October  23,   1913. 

(  omet  /  1913.  so  unexpected  comet  diicoYercd  by  Mr.  P.  T.  Delavaw  at  tbe 
NatM>nal  Obaerratory,   La  Plata.  Argentina.   December   17,   1913* 

In  accordance  witb  tbe  statutes  of  tbe  Society,  the  Donohoe  Comet-Medal  hat 
y*^n  awarded  to  Mesara.  Schau masse.  MrrcALr.  Nirjuix,  and  Delavam  for  the 
•*'.*foirrtrs  of  comets  a.  h.  c  and  f,  respectirely. 

W.  W.  Campbell. 
llEBKa  D.  Cuaris. 
Sidney  D.  Town  lev, 

Comtt'Medal    Committer. 

tElCHTY-FIRST)    AWARD   OF   THE    DONOHOE   COMETMEDAL. 
Tbe  Comet- Modal  of  the  Astronomical  Society  of  the  Pacific  hat  been  awarded 
i<i  \lr.  p.  T.  Delavak.  of  La  Plata.  Argentina,  for  the  discovery  of  an  unexpected 
<  tnrt  <»n  December  17,  1913 

Committee  on  the  Comet-Medal: 

W.  W.  CAMrBKLL, 
HtBEa  D.  CVBTIS. 
SiDKEV    D.    TOWXLEV. 

The  report  of  the  Treasurer,  printed  elsewhere,  was  then  submitted. 

The  next  business  in  order  was  the  election  of  a  Board  of  Directors 
:»nfl  a  Publication  Commiltee  for  the  ensuing  year.  The  Nominating 
<".  mmiiiee,  of  which   Mr.   BnrnLY  L.    H«)iK.HE\ti  was  Chairman,  sub- 
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mitted  the  following  ticket  to  the  consideration  of  the  Society: — 
For  Directors-^A.  B.  Bairo,  R,  G.  Aitken,  W.  H.  Cbockeb^  Charles 

BURCKHALTER,  C.  S.   CUSHING,   R.  T.   CrAWFORD,  J.   G>STA,   S.  D.  ToWN- 

LEY,  F.  V.  Cornish,  A.  H.  Markwart,  and  D.  S.  Richardson. 

For  Publication  Committee — R.  G.  Aitken  and  H.  D.  Curtis. 

Nominations  were  ordered  closed. 

Mr.  ZiEL  was  appointed  teller  and  ballots  were  distributed,  with  the 
announcement  by  the  Chair  that  the  polls  would  remain  open  until  9 
o'clock. 

A  verbal  report  was  then  made  by  the  Chair  upon  the  action  of  the 
Board  of  Directors  at  the  special  meeting  of  November  ag,  1913,  to 
consider  the  award  of  the  Bruce  Gold  Medal  for  the  year  1914.  He 
stated  that  the  award  had  been  made  upon  the  unanimous  choice  of 
nine  Directors  to  Professor  O.  Backlund,  Director  of  the  Royal  Ob- 
servatory of  Pulkowa,  Russia. 

Letters  were  then  read  by  the  Secretary  from  the  Society  to  Pro- 
fessor Backlund  proffering  the  medal,  and  the  very  gracious  reply  of 
the  latter  accepting  the  honor  and  expressing  his  appreciation. 

Mr.  ZiEL  reported  that  the  medal  had  been  ordered  from  Paris  and 
should  be  received  in  San  Francisco  sometime  within  a  month. 

The  next  business  in  order  was  the  reading,  by  Dr.  Crawford,  of  the 
address  of  the  retiring  President,  Professor  A.  G.  McAdie.  This  ad- 
dress, which  is  a  worthy  tribute  to  the  character  and  life  work  of  Pro- 
fessor O.  Backlund,  the  Bruce  Medalist,  is  printed  elsewhere  in  this 
issue. 

The  reading  was  followed  by  a  very  remarkable  verbal  address  by 
Dr.  A.  O.  Leuschner,  Director  of  the  Students*  Observatory  of  the 
University  of  California,  upon  "The  Work  of  the  Students*  Observatory 
in  Orbit  Computation."  It  was  remarkable  in  that  it  attempted,  suc- 
cessfully, to  explain  in  popular  terms  a  very  difficult  subject;  which  is 
to  say,  that  it  was  so  presented  as  to  convey  to  the  humble  layman  in 
the  field  of  science  some  conception  of  the  mighty  problems  involved 
in  orbit  computations.  A  vote  of  thanks  was  tendered  to  Dr.  Leusch- 
ner by  the  meeting. 

Before  the  close  of  Dr.  Leuschner*s  address,  the  ballots  were  col- 
lected and  counted.  Eleven  ballots  were  cast,  the  result  bemg  unani- 
mously in  favor  of  the  eleven  Directors  and  two  members  of  the  Pub- 
lication Committee  above  noted.  They  were  thereupon  declared  by  the 
Chair  to  be  duly  elected  for  the  ensuing  year. 

The  meeting  then  adjourned. 

D.  S.  Richardson. 

Sccretarw 
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XIketing  of  the  Newly  Elected  Hoard  of  Directors  of 

THE  Astronomical  Society  of  the  Pacific,  held  in  the 

Rooms  of  the  £>ociety,  752  Phelan  Building,  San 

Francisco,  on  January  31,  1914,  at  10:00  p.  m. 

Thrrc  were  present  Directors  Crawfubd,  Ci'shing,  Baird,  Curnish, 
lU  RCKHALTm,  and  Richardson. 

The  Board  proceeded  to  organize  by  electing  the  following  officers, 
all  <if  whom  were  unanimously  elected; — 
For  President — R.  T.  Crawford. 
F0r  First   yict-Presidtnt — R,   G.  Aitken. 
For  Second  Vice-President — S.  D.  Townley. 
For  Third  Vice-President — C.  S.  Gushing. 
For  Secretary  and  Treasurer — D.  S.  Richardson. 
For  Secretory  on  Mt.  Hamilton — R,  G.  Aitken. 
For  Danahoe  Comet-Medal  Committee— Vi.  W.  Camfbell.  R.  H. 

Tucker,  and  S.  D.  Towkley. 
For  Library  Committee — D.  S.  Richardson.  F.  V.  Cornish,  and 
A.  H.  Mark  WART. 

The  President  appointed  the  following  members  to  serve  on  the 
Finance  Coamiittee:  C.  S.  Gushing,  Wm.  H.  Crocker,  and  A.  H. 
M\rkwart. 

A  motion  was  made,  seconded  and  tmanimously  carried,  instnicting 
the  President  and  Secretary  to  prepare  a  suitable  letter  of  condolence 
for  transmital  to  the  family  of  the  late  Sir  David  Gill,  and  to  the 
Royal  Astronomical  Society  of  England,  expressive  of  the  respect  in 
which  that  distinguished  scientist  was  held  by  the  Astronomical  Society 
of  the  Pacific,  of  which  he  was  Bruce  Medalist  for  1900. 

Adjourned.  O.  S.  Richardson, 

Secretary. 
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Respectfully  submitted, 
D.  S.  Richardson, 

Secretary  and  Treasurer. 

January  31,  1914. 
We  hereby  certify  that  we  have  examined  the  foregoing  account  and 
have  found  the  same  to  be  correct. 

Charles  S.  Gushing, 
Frank  V.  Cornish, 
B.  A.  Baird, 

Auditing  Committee. 
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values  given  represent  their  original  cost  to  the  Society. 

Life  Membership  Fund. 

One  South  Pacific  Coast  Railroad  Company's  ist  mortgage,  guaranteed 
4  per  cent  Gold  Bond,  No.  3406.  Principal  due  July,  1937;  inter- 
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One-half  Los  Angeles  Gas  and  Electric  general  mortgage  5  per  cent 
Gold  Bond,  No.  714.  Principal  due  January  i,  1934;  interest  pay- 
able January  i  st  and  July  1  at   497  50 

One  Blue  Lakes  Water  Company  6  per  cent  ist  mortgage  Gold  Bond. 
No.  380.  Principal  due  1938;  interest  payable  March  istb  and 
September  1 5th   x.ooi  2? 
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Brmct  Medmi  Fund. 

One  Bay  Countie*  Power  Company  lat  consolidated  mortgage  5 
per  cent  sinking  fund  Gold  Bond.  No.  1636.  Principal  doe  Sep- 
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<>oc  Edison  Electric  Company,  Los  Angeles,  ist  and  refunding 
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tk>ld  Bond,  No.  714.  Principal  due  January  i,  1934;  interest 
payable  January  ist  and  July  ist  497  5<> 

J*km  Ddbttr  Fund. 

One  South  Pacific  Coast  Railway  Company's  ist  mortgage  4  per  cent 
guaranteed  Gold  Bond*  No.  3407.  Principal  due  July,  1937;  inter- 
est payable  in  January  and  July 1 ,000  00 

One  Oakland  Transit  consolidated  1st  consolidated  mortgage  5  per 
cent  Gold  Bond,  No.  43^9.  Principal  due  July,  193a;  interest 
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mortgage  5  per  cent  Gold  Bond,  No.  6837.  Principal  due  Septem- 
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Gold  Bond.  No.  713.  Principal  due  January  i,  1934;  interest  pay- 
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NOTICE 


Article  VIII  of  tb«  By-Laws  of  the  Society,  as  ameaded  io  1901,  reads  as 
follows:  "Each  active  member  shall  pay,  as  annual  dues,  the  sum  of  five  dollars, 
due  on  the  first  dav  of  January  each  year  in  advance.  When  a  new  menber  is 
elected  during  the  nrst  quarter  of  any  year,  he  ahall  par  full  duea  for  aoch  jrear: 
when  elected  durinc  the  second  quarter,  he  shall  pay  three  fourths  only  of  such 
dues;  when  elected  during  the  third  quarter,  he  shan  pay  one  half  only  of  socb 
dues;  when  elected  during  the  last  quarter,  he  ffaall  pay  eoe  fovrth  only  of  such 
dues;  provided,  however,  that  one  telf  only  of  the  duM  in  tfaia  article  provided 
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university,  seminary,  high  school,  or  other  similar  inmtution  of  learning,  durinf 
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life  members  by  the  vote  of  the  Board  of  Directors.   ..." 

Volumes  for  past  years  will  be  supplied  to  members,  so  far  as  the  stock  on  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries. 
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seventy-five  cents  to  dealers,  and  fifty  cents  to  membera. 

Members  within  the  United  Sutes  may  obtain  books  from  the  library  of  the 
Society  by  sending  to  the  Secretary  ten  cents  postage  for  each  book  desired. 

The  order  in  which  papers  are  printed  in  the  Pmblicetions  is  decided  simply  by 
convenience.  In  general,  those  papers  are  printed  firat  which  are  earliest  accepted 
for  publication.  Papers  intended  to  be  printed  in  a  giveii  nuanber  of  the  Pubtice- 
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EDWARD  SIXGLETOX   HOLDEX,  Sc.D.,  LL.D.,  Litt.D. 


By  W.  W.  Campbell. 


Professor  Edward  Singleton  Holden,  first  Director  of  the 
Lick  Observatory,  died  at  the  U.  S.  Military  Academy.  West 
Vinni,  X.  Y.,  on  March  16.  1914.' 

Professor  Holden  was  bom  in  St.  Louis,  Missouri,  on 
November  5,  1846.  He  was  graduated  from  Washington  Uni- 
versity. St,  Louis,  receiving  the  A.  B.  degree  in  1866.  He  was 
presumably  a  student  in  that  institution  during  the  years 
1862-66.  William  Chau\^net.  author  of  the  well-known 
Manual  of  Spherical  and  Practical  Astronomy,  was  Chancellor 
of.  and  Professor  of  Mathematics  and  Astronomy  in.  Wash- 
ington I'niversity  during  that  period.  It  is  probable  that  Mr. 
Hou>EN  pursued  astronomical  studies  more  or  less  extensive 
with  Professor  Chauvenet.  In  this  connection,  it  is  of  inter- 
est to  note  that  Mr.  Holden  married  Professor  Chauvenet's 
daughter  Mary  in  the  year  1871.  Those  of  Professor  H<)U>en's 
later  associates  who  are  now  residing  on  Mount  Hamilton  do 
n«it  remember  that  he  referred  specifically  to  having  studie<l 
astronomy  in  St.  I^uis.  but  he  did  remark  frequently  that  his 
interest  in  astronomical  subjects  had  been  aroused  on  the 
cKrasions  of  visits  to  Harvard  College  Observator)*  while  his 
oHisin.  Professor  Georce  P.  Ik)ND.  was  director  of  that  insti- 
tution {  i85<>-65).  There  are  reasons  for  concluding  that  Pro- 
fessor  Hou>en's  equipment  for  astronomical  pursuits  was 
largely   self-acquired,  thanks  to  his  wonderful  power  of  ab- 

'  ProfrMur  HouwH  andcrwrtit  ■  turf  teal  operatioa  two  rcart  ago  for  an  absceM 
IT  ht*  fti<lr  Fron  thi«  be  nerer  fully  recovered,  tho  he  attended  to  hi*  library  duties 
■-nl   tbrcc  week*  before  hi*  death.     He  was  buried  with   military  honors  at   West 
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sorbing  knowledge^  and  that  it  came  only  in  minor  degree  from 
formal  studies  of  astronomy  in  the  class  room. 

During  the  years  1866-1870  Mr.  Holden  was  a  cadet  in 
the  U.  S.  Military  Academy  at  West  Point,  graduating  in  the 
latter  year.  He  ranked  third  in  his  class.  During  the  academic 
year  1870-71  he  was  Second  Lieutenant  in  the  Fourth  U.  S. 
Artillery.  In  the  following  year  he  was  Second  Lieutenant  in 
the  U.  S.  Corps  of  Engineers,  serving  as  Instructor  in  Natural 
Philosophy  in  the  Military  Academy,  and  during  the  year 
1872-73  he  was  Instructor  of  Practical  Military  Engineering 
in  the  Academy.  In  1872  he  published  an  octavo  treatise  on 
The  Bastion  System  of  Fortifications,  Its  Defects  and  Their 
Remedies. 

In  March,  1873,  ^^'  Holden  resigned  his  ccMnmission  in 
the  army  to  accept  appointment  as  Professor  of  Mathematics 
in  the  U.  S.  Navy,  for  service  as  astronomer  in  the  U.  S.  Naval 
Observatory  at  Washington.  In  the  Naval  Observatory.  Pro- 
fessor Holden  came  immediately  into  close  professional  rela- 
tions with  Simon  Newcomb,  serving  as  assistant  to  Newcomb 
in  the  work  of  the  just-completed  26-inch  Clark  equatorial 
telescope.  It  is  clear  from  historical  developments,  as  well  as 
from  passages  in  Newcomb's  The  Reminiscences  of  an  Astron- 
omer, that  Newcomb  was  tremendously  impressed  with 
Holden's  energy  and  ability.  When  Mr.  D.  O.  Mills,  Presi- 
dent of  James  Lick's  first  Board  of  Trustees,  went  to  Wash- 
ington in  1874  to  consult  with  Newcomb  concerning  plans  for 
the  Lick  Observatory,  Newcomb  "suggested  that  a  director 
of  the  new  establishment  should  be  chosen  in  advance  of  be- 
ginning active  work,  so  that  ever)rthing  should  be  done  under 
his  supervision.  As  such  director  I  suggested  that  very  likely 
Professor  Holden,  then  my  assistant  on  the  great  equatorial, 
might  be  well  qualified.  .  .  .  The  necessity  of  choosing  a 
director  was  not,  however,  evident,  but  communication  was 
opened  with  Professor  Holden  as  well  as  myself  to  an  extent 
that  I  did  not  become  aware  of  until  long  afterward.'** 

It  is  an  illuminating  comment  upon  Professor  Holden's 
promise  as  an  astroncmier  of  the  future  that  he  should  be 
recommended,  and  probably  tentatively  selected,  as  the  dircc- 


*  Newcomb's  Reminiscences,  page  184. 
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tor  of  the  proposed  Lick  Observatory,  to  contain  the  largest 
and  most  powerful  telescope  in  existence,  at  a  time  when  his 
astronomical  experience  had  covered  but  little  more  than  one 
year.  Professor  Holden  was  then  less  than  twenty-eight  years 
of  age.  The  appointment  referred  to  was  not  made,  as  the 
First  Board  of  Trustees  resigned  in  1875,  following  certain 
unsatisfactory  relations  with  James  Lick,  and  a  new  board  of 
entirely  different  personnel  was  appointed  by  Lick  in  1875. 
Captain  Richard  S.  Floyd  was  president  of  the  Second  Board 
of  Trustees,  as  well  as  of  the  Third  Board,  appointed  in  1876, 
under  whose  auspices  the  actual  construction  of  the  observatory 
was  conducted. 

Professor  Holden  was  sent  to  London  in  1876  as  a  delegate 
from  the  United  States  Government  to  examine  and  report  upon 
the  iMHJth  Kensington  Loan  Collection  of  Scientific  Instru- 
ments, especially  as  to  improvements  in  astronomical  and 
geodetical  instruments.  While  engaged  in  this  service  he  met 
Captain  Flom>,  and  the  plans  for  the  Lick  Observatory,  pro- 
posed by  Professors  Newcomb  and  Holden  in  1874,  were 
thoroly  discussed.  From  that  time  forward  Professor  Holden 
was  freely  consulted,  as  was  Professor  Newcomb,  in  the 
making  of  plans  for  buildings  and  instruments  and  as  to  the 
corrcsj)ondence  with  astronomers,  opticians,  and  instrument- 
makers. 

WTiile  on  the  staff  of  the  Naval  Observatory,  Professor 
Holden  made  himself  very  familiar  with  the  literature  of 
a^itronomy ;  he  prepared  and  published  index  catalogs  of  books 
and  memoirs  relating  to  nebulae  and  star  clusters,  to  the  transits 
of  Mercury,  and  to  other  subjects ;  he  observed  comets,  nebube, 
satellites,  double  stars,  etc.;  he  interested  himself  especially 
in  the  nebula  of  Orion,  publishing  historical  notes  and  his  own 
observations  as  a  Monograph  of  the  Central  Parts  of  the 
Xcbula  of  Orion  (1882)  ;  he  prepared  annual  reports  on  the 
progress  of  astronomy;  he  made  contributions  of  value  to 
librarians ;  he  prepared  and  published  a  volume  on  Sir  IVilliam 
Herschel'  His  Life  and  IVorks  (1881)  ;  in  collaboration  with 
Professor  C.  S.  Hastings,  he  prepared  a  Synopsis  of  the 
Scientific  IVritings  of  Sir  lyilliam  Herschel  (1881)  ;  he  pub- 
lished  an  investigation  of  the  objective  and  micrometers  of  the 
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26-inch  equatorial  ( 1881 ) ;  he  wrote  many  popular  articles  for 
the  magazines,  and  many  semi-popular  articles  for  scientific 
journals;  and  in  collaboration  with  Professor  Newcomb  he 
wrote  a  textbook  on  astronomy  (1880). 

Professor  Holden  was  in  charge  of  a  small  expedition 
dispatched  by  the  Naval  Observatory  to  Central  City,  Colo- 
rado, to  observe  the  total  solar  eclipse  of  July  29,  1878.  Of  his 
party  Professor  C.  S.  Hastings  was  an  official  member  and 
Mr.  James  E.  Keeler  a  volunteer  member.  The  sky  was 
clear,  but  Professor  Holden's  visual  observations  in  search  of 
the  hypothetical  planet  Vulcan  failed  to  disclose  any  unidentified 
objects. 

In  188 1  Professor  Holden  resigned  his  commission  in  the 
navy  and  accepted  the  directorship  of  the  Washburn  Observa- 
tory, University  of  Wisconsin,  in  succession  to  Professor  James 
C.  Watson,  deceased.  This  position  he  held  during  the  years 
1881-85.  He  visited  Mount  Hamilton  in  1881  to  assist  in  the 
installation  of  the  meridian  circle,  and  to  observe  the  transit 
of  Mercury.  He  also  visited  Mount  Hamilton  in  the  fall  of 
1883  on  the  return  trip  of  the  eclipse  expedition  of  that  year 
to  the  South  Seas.  At  Madison  he  organized  and  pushed  the 
observational  duties  of  the  Washburn  Observatory  with  vigor. 
He  discovered  and  listed  many  red  stars ;  he  discovered  a  con- 
siderable number  of  double  stars;  he  observed  the  303  stars 
of  AuwERs's  fundamental  catalog  with  the  meridian  circle; 
he  observed  the  bright  ccmiet  of  1882  and  other  comets  of 
lesser  interest;  he  observed  the  transit  of  Venus  in  1883;  he 
was  interested  in  studies  of  Herschel's  Star  Gauges,  and 
collected  statistics  of  stellar  distribution  from  the  charts  of 
Peters,  Watson,  Chacornac  and  Palisa;  and  he  made 
measures  of  the  ring  system  of  Saturn,  In  company  with 
Professor  Hagen,  he  prepared  and  published  a  catalog  of  looi 
southern  stars  on  the  basis  of  Tacchini*s  observations. 

In  harmony  with  his  policy  of  providing  opportunities  for 
other  astronomers,  he  invited  Professor  Burnham  to  make 
frequent  and  systematic  use  of  the  15-inch  Clark  refracting 
telescope  of  the  Washburn  Observatory;  and  with  this  tele- 
scope Burnham  discovered  many  double  stars  and  observed 
a  still  greater  number. 
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The  National  Academy  of  Sciences  organized  an  expedition 
lo  observe  the  total  solar  eclipse  of  May  6,  1883,  from  the 
Caroline  Islands.  Appropriations  in  support  of  the  expedition 
were  made  by  Congress  and  from  the  Watson  Fund  of  the 
National  Academy.  Professor  Holden  was  appointed  chief 
of  the  party  and  scientific  director  of  the  expedition.  Asso- 
ctatcd  with  him  were  four  young  astronomers  whose  names 
later  became  well  known:  Professor  C.  S.  Hastings  of  Johns 
Hopkins  I'niversity,  Mr.  E.  D.  Preston.  Mr.  S.  J.  Brown 
and  Mr.  Winslow  Upton.  The  Caroline  Islands,  consisting 
of  a  few  very  small  coral  islands  lying  close  together,  are  sit- 
uated about  one  hundred  and  seventy-five  miles  northeast  of 
Flint  Island,  where  the  Crocker  expedition  from  the  Lick 
Observatory,  University  of  California,  observed  the  eclipse  of 
January  3,  1908.  It  was  a  serious  question  in  Professor 
Holden's  mind  whether  the  expedition  of  1883  should  locate 
on  the  Caroline  Islands  or  on  Flint  Island.  A  French  expedi- 
tion under  Monsieur  Janssen  reached  the  Caroline  Islands  a 
few  days  after  the  landing  of  the  American  party. 

The  experiences  passed  thru  by  many  eclipse  observers  in 
the  tropics  fell  to  the  lot  of  the  observers  in  1883 :  the  sky  was 
clear  during  the  greater  part  but  not  all  of  totality,  and  during 
the  partial  phases  there  were  clouds  in  abundance  and  some 
rain.  The  air  in  most  tropical  localities  is  so  near  the  satura- 
tion point  that  the  fall  of  temperature  when  the  Moon  is  cov- 
ering the  Sun  is  sufficient  to  cause  clouds  and  precipitation; 
and  that  the  sky  is  clear  one  minute  does  not  mean  that  the 
following  minute  may  not  bring  clouds  and  the  following  five 
minutes  rain. 

Professor  Holden's  expedition  was  successful  in  carrying 
out  all  the  main  features  of  the  program.  A  visual  search  for 
the  hypothetical  planet  Vulcan  led  to  negative  results.  Spec- 
troscopic and  polariscopic  observations  of  the  corona  were 
secured  as  planned.  The  details  of  the  corona  were  observed 
visually.  The  times  of  contacts  were  estimated  and  the  influ- 
ence of  the  eclipse  upon  the  meteorological  elements  was  ob- 
^rvcd.  The  memoir  on  the  eclipse  of  1883  is  a  model  in 
form,  and  is  frequently  referred  to  by  past  and  prospective 
observers  of  eclipses. 
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In  1885  Professor  Holden  was  appointed  President  of  the 
University  of  California  and  Director  of  the  Lick  Observator)% 
to  serve  in  the  former  capacity  until  the  observatory  should  be 
completed,  and  thereafter  in  the  latter  capacity.  His  services 
as  President  terminated  with  June  i,  1888,  and  on  this  date 
he  assumed  the  active  directorship  of  the  Lick  Observatory. 
During  the  last  three  years  of  the  construction  period  he  was 
very  intimately  associated  with  the  Lick  trustees  as  adviser. 
It  was  upon  his  advice  and  recommendation  that  Mr.  James  E. 
Keeler,  assistant  to  Professor  Langley,  came  to  Mount  Ham- 
ilton in  1886  to  assist  the  trustees  with  the  installation  of  the 
instruments,  and  with  the  understanding  that  he  would  become 
a  member  of  the  permanent  staff,  in  charge  of  the  department 
of  spectroscopy. 

Professor  Holden's  term  of  office  as  the  first  Director  of 
the  Lick  Observatory  terminated  by  resignation  on  December 

3i»  1897- 

An  astronomer  has  said  that  "the  first  requisite  for  the 
director  of  a  great  observatory  is  to  have  a  very  clear  notion 
of  just  what  kind  of  work  ought  to  be  done,  how  it  should  be 
done,  and  then  to  give  all  the  aid  in  his  power  to  the  inves- 
tigator." Director  Holden  selected  the  most  promising  men 
he  could  find  in  the  United  States  to  comprise  the  observator}' 
staff.  He  assigned  them  definitely  to  lines  of  research  which 
the  future  has  shown  to  be  of  the  highest  importance.  He  gave 
them  such  opportunities  to  succeed  as  no  other  astronomer  had 
ever  enjoyed.  In  particular,  he  gave  them  great  liberty  of 
action  and  wished  them  success.  The  comments  in  the  last 
two  sentences  are  made  in  general  terms,  but  they  are  also  a 
reflection  of  my  appreciation  of  the  opportunities  which  came 
to  me  through  Professor  Holden's  office.  To  quote  from 
Newcomb's  Reminiscences,  page  190: 

"The  institution  make  its  mark  almost  from  the  beginning.  I  know 
of  no  example  in  the  world  in  which  young  men,  most  of  whom  were 
beginners,  attained  such  success  as  did  those  whom  Holden  collected 
around  him." 

The  evidences  of  Professor  Holden's  organizing  ability  and 
energy  are  written  all  over  the  Lick  Observatory.     Nor  were 
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these  qualities  confined  narrowly  to  the  internal  work  of  the 
institution.  The  total  solar  eclopse  of  January  i,  1889,  was 
effectively  studied,  on  his  initiative,  by  a  well-equipped  expedi- 
tion from  the  Lick  Observatory.  The  Astronomical  Society  of 
the  Pacific  is  truly  his  creation.  The  Montgomery  Librar>' 
Fund  of  the  Society,  the  Donohoe  Comet-Medal  Fund  and  the 
Bruce  Gold  Medal  Fund  were  provided  at  his  solicitation.  He 
devised  the  unique  regulations  governing  the  bestowal  of  the 
Bruce  Gold  Medal,  which  ensure  that  the  award  made  by  the 
trustees  of  the  Society  shall  be  of  unquestioned  wisdom.  In 
mainuining  the  relations  of  this  observatory  with  other  similar 
institutions  thruout  the  world  and  in  making  the  more  import- 
ant results  of  the  Observatory's  researches  known  to  the  scien- 
tific public  Professor  Holden  gave  devoted  and  able  effort. 

His  own  scientific  work  in  the  Lick  Observatory  related  prin- 
cipally to  the  photography  of  the  Moon.  He  encouraged  the 
study  of  his  lunar  photographs  by  astronomers  in  other  insti- 
tutions, and  he  published  a  lunar  atlas  comprising  nineteen 
large  sheets,  the  reproductions  of  enlarged  photographs.  He 
made  occasional  observations  of  the  nebube  and  of  the  planets. 
His  extensive  administration  duties  did  not  leave  him  much 
lime  for  personal  research. 

The  last  years  of  Professor  Holden's  administration  were 
marred  by  the  existence  of  animosities  in  the  observatory  com- 
munit>',  and  by  much  ill-advised  criticism  in  the  newspapers. 
The  time  has  not  come  for  any  member  of  the  staff  under 
Professor  Holde.v's  administration  to  attempt  a  critical  analysis 
of  the  situation,  and  I  shall  let  a  distinguished  non-partisan  speak. 
To  quote  again  from  Newcomb's  Reminiscences,  pages  192-193 : 

''Tbc  tcnn  of  Holocn's  admintst ration  extended  through  some  ten 
years.  To  me  its  most  singular  feature  was  the  constantly  growing 
unpopularity  of  the  director.  I  call  it  singular  because,  if  we  confine 
ou reives  to  the  record,  it  would  be  difficult  to  assign  any  obvious  reason 
for  it.  One  hict  is  indisputable,  and  that  is  the  wonderful  success  of  the 
Director  in  selecting  young  men  who  were  to  make  the  institution 
famous  by  their  abilities  and  industry.  If  the  highest  problem  of  ad- 
ministration is  to  select  the  right  men,  the  new  director  certainly  mas- 
tered it.  So  far  as  liberty  of  research  and  publication  went,  the  admin- 
istration had  the  appearance  of  being  liberal  in  the  extreme.  Doubtless 
there  was  another  side  to  the  question.*' 
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It  is  my  duty  to  remove  two  erroneous  impressions,  so  far 
as  I  here  have  the  power.  Many  astronomers  in  the  Eastern 
States,  and  a  few  in  Europe,  have  been  imbued  with  the  belief 
that  Director  Holden's  growing  unpopularity  with  his  staff 
was  occasioned  in  part  at  least  by  his  desire  to  withhold  from 
them  the  credit  for  their  scientific  work,  and  also  by  certain 
shortcomings  in  his  private  life  on  the  mountain.  How  these 
widely  prevailing  views  originated  and  spread  I  do  not  know. 
In  my  opinion  they  were  absolutely  without  basis  in  fact:  his 
extension  of  credits  to  colleagues  and  assistants  was  generous : 
and  as  far  as  I  have  ever  heard  any  member  of  the  observator}' 
community  speak,  his  private  life  amongst  us  was  exemplar}-. 

Professor  Holden's  astronomical  career  practically  termin- 
ated with  his  departure  from  Mount  Hamilton  in  October.  1897. 
He  resided  in  New  York  City  until  the  latter  part  of  1901, 
where  much  of  his  time  was  devoted  to  the  writing  of  popular 
articles  and  books  on  astronomical  subjects  of  everj'-day 
interest. 

From  November,  1901,  until  his  death  he  was  Librarian  of 
the  United  States  Military  Academy.  When  his  former  asso- 
ciates heard  of  this  appointment  they  said  without  hesitation: 
**He  will  be  wonderfully  successful";  and  so  it  seems  he  was. 
In  1907  the  wxll-known  journal,  Army  and  Navy  Life,  inaugu- 
rated a  series  of  biographies  of  Distinguished  Graduates  of 
the  U.  S,  Miittary  Academy  in  Cifvil  Life,  by  beginning  "this 
series  of  articles  with  a  brief  survey  of  the  distinguished 
career  of  the  Academy's  most  learned  living  alumnus.  Dr.  Ed- 
ward Singleton  Holden,"  prepared  by  Captain  E.  G.  Davis, 
U.  S.  A.  I  shall  let  Professor  Holden's  biographer  speak  of 
his  services  to  the  library  of  the  Military  Academy : — 

"...  He  has  labored  unceasingly,  within  the  means  at  his  command, 
to  make  the  library  meet  the  legitimate  needs  of  every  instructor  and 
every  cadet. 

''He  saw  from  the  first  the  magnitude  of  this  last  great  task  which 
he  has  undertaken.  He  found  the  library  fairly  well  supplied  with 
books  on  every  subject,  but  their  contents  were  not  readily  available. 
His  first  task  was  to  complete  the  collection  so  that  every  subject  is  now 
represented  by  the  standard  books  that  give  its  past  history,  as  well  as 
by  the  current  periodicals  which  exhibit  its  present  progress.  Some 
30,000  volumes  have  been  added  to  the  library  since  1901,  .  .  . 
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*'A11  the  new  books  of  the  library  and  all  the  military  books,  whether 
new  or  old,  have  been  thoroughly  catalogued  and  made  available  to 
instructors  and  others.  A  veritable  mine  of  information  has  been 
opened  for  them  in  which  they  can  find  unlimited  material  for  the 
extension  of  their  professional  studies  or  for  original  research  in  any 
6ckl. 

"Every  nook  and  cranny  of  the  library  has  been  ransacked  and  Dr. 
HouMUf  has  personally  examined  every  paper  in  the  records  of  the 
bureaus  of  the  War  Department  from  the  beginning  of  1838  (the  date 
of  the  hre  which  destroyed  the  records  at  West  Point),  making  copies 
of  all  the  important  Mss.  So  that  now  for  the  first  time  since  1838 
the  historical  records  at  West  Point  are  substantially  complete.  Many 
orderly  books,  etc.,  have  been  acquired  by  gift  or  purchase. 

"All  of  this  material  has  been  catalogued  and  much  of  it  has  been 
thoroughly  gone  over,  either  by  Dr.  Holocn  himself  or,  under  his 
direction,  by  officers  who  have  voluntarily  assisted  him  in  this  work.  .  .  . 

"His  report  as  librarian  for  the  last  year  shows  that  about  twenty-five 
per  cent  of  the  younger  officers  did  volunteer  work  for  the  library  and 
that  more  than  one-third  of  the  officers  of  the  post  were  there  engaged 
in  serious  work  and  many  more  at  their  own  quarters.  .  .  . 

"Recently  an  officer,  who  was  to  deliver  a  lecture  to  the  student 
officers  at  a  nearby  post,  wrote  to  Dr.  Holden  asking  for  assistance  in 
the  collection  of  historical  data  concerning  the  development  of  a  par- 
ticular military  subject 

"  'Vt^it  the  library/  replied  the  doctor,  'and  all  our  books  and  manu- 
scripts relating  to  this  subject  will  be  placed  at  your  disposal' 

"The  officer  came.  He  found  a  table  piled  high  with  books  and  papers, 
conuining,  perhaps,  every  treatment  of  the  subject  from  the  time  of 
the  Greeks  and  Romans  down  to  the  present.  He  was  inclined  to  despair 
when  be  saw  the  mass  of  material  before  him.  To  wade  through  such 
a  pile  of  books  seemed  an  endless  task.  But  to  his  astonishment  he 
found  that  the  work  had  been  more  than  half  done  for  him;  he  was 
furnished  with  a  manuscript  bibliography  of  his  subject,  which  gave  him 
in  a  moment  just  what  the  various  books  contained  and  told  him  where 
to  look  for  it.  He  went  away  delighted  and  enthusiastic.  Dr.  Holden 
ha<  prepared  similar  complete  bibliographies  on  every  military  subject. 
A4  soon  as  funds  are  available  they  are  to  be  printed  and  distributed 
to  the  service.  When  this  is  done  officers  will  know  just  what  data  is 
available  for  the  study  of  any  military  subject  in  which  they  may  be 
interested." 

Professor  Hoij)En's  interests  took  a  wide  range.  He  has 
written  and  published  on  the  bastion  system  of  fortifications; 
on  the  number  of  words  used  in  speaking  and  writing :  on  the 
celebrated  cipher  dispatches  of  1876,  relating  to  the  election  of 
a  President  of  the  United  States  in  that  year ;  on  the  treatment 
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of  pamphlets  in  special  libraries ;  on  studies  in  Central  Ameri- 
can picture  writing;  on  a  system  of  local  warnings  against 
tornadoes;  on  The  Mogul  Emperors  of  Hindustan,  a  delightful 
volume  published  in  1895  *»  o"  Mountain  Observatories  ( 1896) : 
on  Memorials  of  W.  C.  and  G.  P.  Bond  (1897)  ;  on  Pacific 
Coast  Earthquakes  (1898) ;  a  Primer  of  Heraldry  (1898)  ;  a 
volume  on  the  Family  of  the  Sun  ( 1899)  ;  Real  Things  in  Na- 
ture (1903)  ;  The  Sciences  (1903)  ;  the  Centennial  History  of 
the  U.  S.  Military  Academy,  1802-1902,  Vol.  II,  containing  a 
full  bibliography  of  West  Point  for  1524-1902,  of  the  Militar>^ 
Academy  for  1776-1902,  and  of  the  writings  of  all  graduates 
of  the  Military  Academy  during  1802-1902.  There  are  many 
magazine  articles  on  still  other  subjects. 

Distinguished  honors  were  bestowed  upon  Professor  Holden*. 
He  was  elected  Foreign  Associate  of  the  Royal  Astronomical 
Society  in  1884;  a  member  of  the  National  Academy  of  Sci- 
ences in  1885;  and  later  to  membership  in  the  Astronomical 
Society  of  France,  in  the  Italian  Spectroscopic  Society,  in 
the  American  Academy  of  Arts  and  Sciences,  etc.  He  received 
the  degree  of  LL.D.  from  the  University  of  Wisconsin  in  1886, 
and  from  Columbia  University  in  1887;  the  degree  of  Sc.D. 
from  the  University  of  the  Pacific  in  1896;  and  the  degree  of 
Litt.D.  from  Fordham  College  in  1910.  He  served  as  a  mem- 
ber of  the  Board  of  Visitors  to  the  U.  S.  Military  Academy 
in  1885,  ^nd  of  the  Board  of  Visitors  to  the  U.  S.  Naval 
Academy  in  1896.  The  reports  of  the  Boards  of  Visitors  for 
those  years  were  live  documents.  He  was  made  a  Knight 
Commander  of  the  Ernestine  Order  of  Saxony  in  1894,  and  a 
Knight  of  the  Royal  Order  of  the  Dannebrog  in  1895;  ^"^ 
the  Order  of  Bolivar  was  conferred  upon  him  in  1896. 

Professor  Holden  possessed  abilities  wonderful  in  many 
ways.  His  knowledge  of  literature,  both  general  and  scientific, 
including,  of  course,  the  literature  of  astronomy,  was  very 
extensive,  and  this  knowledge  appeared  always  to  be  at  his 
immediate  command.  He  enjoyed  writing,  he  wrote  rapidly 
and  with  a  fine  literary  style.  It  is  a  remarkable  fact  that  the 
heavy  correspondence  of  the  Lick  Observatory  was  conducted 
by  Professor  Holden 's  personal  pen  thruout  his  term  of  office. 
He  Hid  not  utilize  the  services  of  a  stenographer,  and  only  an 
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occasional  letter  was  copied  with  the  typewriter.  His  social 
abilities  were  of  very  high  order.  His  conversation  was  enter- 
taining to  the  point  of  brilliancy.  His  hearers  did  not  always 
agree  with  his  point  of  view,  which  he  defended  with  vigor  and 
<k\\\,  but  no  one  could  be  found  to  deny  that  Professor  Holden 
had  made  the  subject  seem  alive.  His  lamented  death  puts 
former  associates  into  the  reminiscent  mood  which  accompanies 
the  passing  of  a  remarkably  interesting  man. 


HISTORICAL  QUOTATIONS. 


Bv  W.  W.  Campbell. 


A  recent  reading  of  early  contributions  to  astronomical  lit- 
erature has  brought  me  upon  many  interesting  passages  which 
have  not  been  used  by  the  principal  historians  of  astronomy, 
tho  I  since  fine  that  some  of  these  passages  are  referred  to  by  an 
occasional  modem  writer.    I  venture  to  quote  on  two  subjects : 

(a)  The  idea  that  the  Milky  Way  is  composed  of  vast 
numbers  of  separate  stars  goes  back  at  least  to  Democritus 
i450±:  B.  C),  but  Kant's  Universal  Natural  History  and 
Theory  of  the  Heavens  (1755  A.  D.)  appears  to  offer  for  the 
first  time  an  hypothesis  of  the  general  form  and  structure  of 
our  stellar  system  substantially  in  accord  with  present  ideas. 

"Mr  Wright  of  Durham,  whose  treatise  I  have  come  to  know  from 
the  Hamburg  publication  entitled  the  Frrie  Vrteile,  of  1751,  first  sug- 
gested ideas  that  led  me  to  regard  the  fixed  stars  not  as  a  mere  swarm 
scattered  without  visible  order,  but  as  a  system  which  has  the  greatest 
resemblance  with  that  of  the  planets;  so  that  just  as  the  planets  in 
their  system  are  found  very  nearly  in  a  common  plane,  the  fixed  stars 
are  also  related  in  their  positions,  as  nearly  as  possible*  to  a  certain 
pbne  which  must  be  conceived  as  drawn  through  the  whole  heavens, 
and  by  their  being  very  closely  massed  in  it  they  present  that  streak 
of  tight  which  is  called  the  Milky  Way.  I  have  become  persuaded  that 
because  this  xone.  illuminated  by  innumerable  suns,  has  very  exactly 
the  form  of  a  great  circle,  our  sun  must  be  situated  very  near  this 
great  plane.*' — Hastie*s  translation,  page  3a 

•'Whoe\'er  turns  his  eye  to  the  starry  heavens  on  a  clear  night  will 
perceive  that  streak  or  band  of  light  which  on  account  of  the  multitude 
of  stars  that  are  accumulated  there  more  than  elsewhere,  and  by  their 
grtting  perceptibly  k>st  in  the  great  distance,  presents  a  uniform  light 
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which  has  been  designated  by  the  name  Milky  Way.  It  is  astonishing 
that  the  observers  of  the  heavens  have  not  long  since  been  moved  by  the 
character  of  this  perceptibly  distinctive  zone  in  the  heavens,  to  deduce 
from  it  special  determinations  regarding  the  position  and  distribution  of 
the  fixed  stars.  For  it  is  seen  to  occupy  the  direction  of  a  great  circle, 
and  to  pass  in  uninterrupted  connection  round  the  whole  heavens:  two 
conditions  which  imply  such  a  precise  destination  and  present  marks  so 
perceptibly  different  from  the  indefiniteness  of  chance,  that  attentive 
astronomers  ought  to  have  been  thereby  led,  as  a  matter  of  course,  to 
seek  carefully  for  the  explanation  of  such  a  phenomenon. 

"As  the  stars  are  not  placed  on  the  apparent  hollow  sphere  of  the 
heavens,  and  as  some  are  more  distant  than  others  from  our  point  of 
view  and  are  lost  in  the  depths  of  the  heavens,  it  follows  from  this, 
that  at  the  distances  at  which  they  are  situated  away  from  us,  one 
behind  the  other,  they  are  not  indifferently  scattered  on  all  sides,  but 
must  have  a  predominant  relation  to  a  certain  plane  which  passes 
through  our  point  of  view  and  to  which  they  are  arranged  so  as  to  be 
found  as  hear  it  as  possible.  This  relation  is  such  an  undoubted 
phenomenon  that  even  the  other  stars  which  are  not  included  in  the 
whitish  streak  are  yet  seen  to  be  more  accumulated  and  closer  the 
nearer  their  places  are  to  the  circle  of  the  Milky  Way. 

"If  we  now  imagine  a  plane  drawn  through  the  starry  heavens  and 
produced  indefinitely,  and  suppose  that  all  the  fixed  stars  and  systems 
have  a  general  relation  in  their  places  to  this  plane  so  as  to  be  found 
nearer  to  it  than  to  other  regioi)s,  then  the  eye  which  is  situated  in 
this  plane,  when  it  looks  out  to  the  field  of  the  stars,  will  perceive  on  the 
spherical  concavity  of  the  firmament  the  densest  accumulation  of  stars 
in  the  direction  of  such  a  plane  under  the  form  of  a  zone  illuminated 
by  varied  light.  This  streak  of  light  will  advance  as  a  luminous  band 
in  the  direction  of  a  great  circle,  because  the  position  of  the  spectator 
is  in  the  plane  itself.  This  zone  will  swarm  with  stars  which,  on 
account  of  the  indistinguishable  minuteness  of  their  clear  points  that 
cannot  be  severally  discerned  and  their  apparent  denseness,  will  present 
a  uniformly  whitish  glimmer, — in  a  word,  a  Milky  Way.  The  rest  of 
the  heavenly  host  whose  relation  to  the  plane  described  gradually  dim- 
inishes, or  which  are  situated  nearer  the  position  of  the  spectator,  are 
more  scattered,  although  they  are  seen  to  be  massed  relatively  to  this 
same  plane.  Finally,  it  follows  from  all  this  that  our  solar  world,  seeing 
that  this  system  of  the  fixed  stars  is  seen  from  it  in  the  direction  of  a 
great  circle,  is  situated  in  the  same  great  plane  and  constitutes  a  system 
along  with  the  other  stars." — Hastie's  translation,  pages  54-56. 

"I  come  now  to  that  part  of  my  theory  which  gives  it  its  greatest 
charm,  by  the  sublime  idea  which  it  presents  of  the  plan  of  the  creation. 
The  train  of  thought  which  has  led  me  to  it  is  short  and  natural;  it 
consists  of  the  following  ideas.  If  a  system  of  fixed  stars  which  are 
related  in  their  positions  to  a  common  plane,  as  we  have  delineated 
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the  Milky  Way  to  be,  be  so  far  removed  from  us  that  the  individual 
stars  of  which  it  consists  are  no  longer  sensibly  distinguishable  even 
by  the  telescope ;  if  its  distance  has  the  same  ratio  to  the  distance  of  the 
stars  of  the  Milky  Way  as  that  of  the  btter  has  to  the  distance  of  the 
Sun;  in  short,  if  such  a  world  of  fixed  stars  is  beheld  at  such  an 
immense  distance  from  the  eye  of  the  spectator  situated  outside  of  it, 
then  this  world  will  appear  under  a  small  angle  as  a  patch  of  space 
whose  figure  will  be  circular  if  its  plane  is  presented  directly  to  the 
e>'e,  and  elliptical  if  it  is  seen  from  the  side  or  obliquely.  The  feeble- 
ness of  its  light,  its  figure,  and  the  apparent  size  of  its  diameter  will 
clearly  distinguish  such  a  phenomenon  when  it  is  presented  from  all 
the  surs  that  are  seen  single." — Hastie's  translation,  pages  61-62. 

(b)  I  was  immensely  interested  to  find  that  Sir  William 
Herschel  had  applied  spectnmi  analysis,  in  a  very  elementary 
way,  to  six  first-magnitude  stars  as  early  as  the  year  1798. 
The  Harvard  classification  is  appended  for  comparison : — 

^'By  some  experiments,  on  the  light  of  a  few  of  the  stars  of  the  first 
magnitude,  made  in  1798,  by  a  prism  applied  to  the  eye-glasses  of  my 
reflectors,  adjustable  to  any  angle  and  to  any  direction,  I  had  the  fol- 
lowing analyses : — 

"The  light  of  Sirius  consists  of  red,  orange,  yellow,  green,  bhie,  pur- 
ple, and  violet  (Harvard  Qass  A.) 

**•  Ononis  contains  the  same  colours,  but  the  red  is  more  intense,  and 
the  orange  and  yellow  are  less  copious  in  proportion  than  they  are  in 
Sirius.    (Gass  Ma.) 

"Procyon  contains  all  the  colours,  but  proportionally  more  blue  and 
purple  than  Sirius.     (Qass  F5.) 

"A returns  contains  more  red  and  orange  and  less  yellow  in  propor- 
tion than  Sirius.    (CHass  K.) 

"Aldebaran  contains  much  orange,  and  very  little  yellow.    (Gass  K5.) 

'**Lyr0t  contains  much  yellow,  green,  blue,  and  purple.**  (Class  A.) 
— PhUosophicol  Transactions,  18 14,  page  364. 

I  now  find  that  a  few  authors  have  commented  upon  these 
observations  by  Heeschel:  Xewcomb  and  Holden's  Astratu- 
amy,  4th  Ed.,  page  468:  Professor  Holden  in  Sir  H'iUiam 
Hcrschel,  His  Life  and  Works,  page  196;  and  Miss  Clerke. 
in  The  Herschels  and  \fodem  Astronomy,  page  163. 

Herschel's  results  for  these  six  stars  are  in  general  correct, 
as  tested  by  modem  standards,  tho  the  estimated  distribution 
of  the  light  of  different  colors  differs  in  some  details. 

It  should  be  noted  that  these  observations,  made  in  179R, 
were  not  published  until  1814,  which  was  approximately  the 
time  when  Film'Nhofer's  observatir>n»  were  beginning. 
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COMPARISON  OF  THE  CONTINUOUS  SPECTRA  OF 
SOME   LARGE   AND   SMALL   PROPER- 
MOTION   STARS. 


By  W.  S.  Adams. 


In  a  recent  number  of  the  Astrophysical  Journal  I  gave  the 
results  of  a  comparison  of  the  relative  intensity  at  about  A  4200 
and  A  5000  of  the  spectra  of  a  few  pairs  of  stars  of  large  and 
small  proper  motion  which  had  identical  spectral  types.  The 
spectra  of  the  two  stars  were  obtained  upon  the  same  plate 
and  at  as  nearly  as  possible  the  same  zenith  distance.  A  con- 
siderable majority  of  the  photographs  showed  the  spectrum  of 
the  star  of  small  proper  motion  to  be  distinctly  weaker  at  the 
violet  end  of  the  spectrum  than  that  of  the  star  of  large  proper 
motion.  A  few  pairs  showed  little  or  no  difference,  but  in  no 
case  was  the  spectrum  of  the  small  proper-motion  star  stronger 
in  the  violet. 

The  amount  of  material  available  for  this  comparison  was 
small.  Accordingly,  it  seemed  desirable  to  make  an  attempt  to 
see  whether  the  large  number  of  radial  velocity  photographs 
could  not  be  utilized  for  a  similar  purpose.  For  individual 
stars,  of  course,  the  results  would  be  of  little  value,  since  the 
plates  were  taken  at  different  zenith  distances,  under  varying 
atmospheric  conditions,  and  subjected  to  different  development. 
For  the  mean  of  a  considerable  number  of  photographs  and 
stars,  however,  these  effects  should  counteract  each  other  large- 
ly, and  it  seemed  probable  that  results  of  some  interest  could 
be  obtained. 

The  spectra  compared  were  those  of  about  one  hundred  stars 
of  large  proper  motion,  whose  parallaxes  have  been  measured, 
and  of  about  sixty  stars  of  very  small  proper  motion  with 
spectral  types  ranging  between  F  and  M.  No  plates  were  in- 
cluded which  were  obtained  at  very  great  zenith  distances,  or 
under  unfavorable  conditions  of  transparency.  The  method 
of  comparison  employed,  tho  necessarily  very  crude  as  com- 
pared with  photometric  measures  of  density,  had  the  advantage 
of  rapidity,  and  appeared  to  be  sufficiently  accurate  for  the 
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character  of  the  material  available.  A  standard  plate  of 
«  Tauri  was  first  obtained,  several  spectra  taken  with  different 
exposure  times  being  placed  side  by  side  on  the  negative.  The 
photograph  of  each  star  was  then  compared  with  the  standard 
plate  under  a  spectrocomparator,  and  estimates  were  made  of 
the  intensity  of  its  continuous  spectrum  relative  to  that  of 
«  Tauri  at  three  selected  points  at  the  violet  end  of  the  spectrum, 
and  four  points  at  the  red  end.  The  estimates  were  made  in 
tenths  of  a  unit  between  two  of  the  a  Tauri  exposures.  Thus 
1.4  means  that  the  density  of  the  continuous  spectrum  is  esti- 
mated to  be  ou|  greater  than  the  first  spectrum  of  a  Tauri,  or 
0.6  less  than  the  second  spectrum.  After  the  comparisons  had 
been  finished  the  a  Tauri  photograph  was  measured  under  a 
Hartmann  micro-photometer  and  the  densities  calculated.  The 
results  for  all  of  the  stars  were  then  reduced  to  densities.  Since 
the  plates  of  both  large  and  small  proper-motion  stars  were 
taken  at  random  during  the  estimation  of  intensities,  and  since 
the  comparison  is  purely  differential,  it  is  difficult  to  see  how 
any  considerable  systematic  error  could  have  entered  into  the 
results. 

The  values  for  the  groups  of  stars  compared  are  given  below. 
the  density  scale  being  an  arbitrary  one  which  depends  on  the 
photographic  wedge  in  the  micro-photometer: — 
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10 

23 

Averafe 

M 

o''.OI2 
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G7 
07 
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24 
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K5-K9 

5 
5 

0  J0\2 

2  .18 

K5 
K7 

oiS 
0.27 

0.5 « 
0.51 

The  resuh  for  the  K5-K9  groups  is  of  low  weight,  the 
number  of  stars  being  small,  and  the  spectra  too  faint  at  the 
violet  end.  The  star  (n^  Cygni  is  included  in  this  group, 
which  accounts  for  the  ver>'  large  proper  motion. 
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The  two  features  of  note  in  these  results  are : — 

1.  The  small  proper-motion  stars  are  decidedly  weaker  at 
the  violet  end  of  the  spectnun  than  the  large  proper-motion 
stars. 

2.  The  difference  is  least  for  the  F  stars,  and  increases 
with  advancing  spectral  type  at  least  as  far  as  K. 

The  latter  result  is  in  agreement  with  a  few  observations 
on  A  type  stars  which  show  essentially  no  difference  at  the 
violet  end  of  the  spectrum  between  two  groups  of  stars  having 
proper  motions  of  o''.020  and  o''.i3.  It  is  true,  however,  that 
if  the  proper  motions  are  interpreted  in  terms  of  distance  the 
difference  of  distance  indicated  is  much  less  between  the  two 
groups  of  A  stars  than  between  the  groups  of  F  to  K  stars 
given  above.  Hence  on  the  basis  of  absorption  of  light  in  space 
it  might  not  be  possible  to  detect  a  difference  in  the  vic^et 
portion  of  the  sDectrum  for  such  a  comparatively  small  dif- 
ference of  distance.  The  different  groups  of  F,  G  and  K 
stars,  however,  have  so  nearly  the  same  average  proper  motion 
that  should  further  observations  confirm  the  change  in  the 
amount  of  absorption  in  the  violet,  it  would  seem  almost  inevit- 
able to  ascribe  at  least  a  part  of  the  effect  to  conditions  in  the 
stellar  atmosphere.  In  other  words,  to  an  effect  of  absolute 
magnitude,  as  Professor  Kaptevn  concisely  describes  it. 
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ASTRONOMICAL  OBSERVATIONS  IN   1913. 


Made  by  Torvald  Kohl,  at  Odder,  Denmark. 


Variable  Stars. 

(The  instrument  used  is  a  j-inch  Steinheil,  power  42.) 
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'  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  141,  24.  109. 
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2  steps  >  a. 
=  a. 


Aug.    i: 

24: 

27: 

Sept.  22 : 

Oct.    21: 

Nov.    4 : 

30: 


=  d. 

2  steps  <  c. 

=  d. 

=  d. 

id. 

Yi  step  >  e. 

2  steps  >  f. 


Var.  25.  191 3,  Urs(P  Afajoris, 

{ This  star  =  B.  D.  -f  6o'  1412  (9"  5)  =  f  in  the  sketch  on 
T  Vrsa  Majoris. 


Jan. 


Feb. 


Mar. 


Apr. 


Aug. 


2: 

5: 
9: 
8: 

9: 

25* 
12: 
24: 

26: 
2: 

4: 
8: 
I : 


f  I  step  >  g. 
2  steps  >  g. 

—  K- 

2  steps  >  g. 

id. 

=  R. 

1  step  >  g. 

2  steps  >  g. 
id. 

id. 

=  pr. 

1  step  >  g. 

2  steps  <  g. 


Aug 

24: 

=  &• 

29: 

2  steps  <  e. 

30: 

id. 

31: 

id. 

Sept 

6: 

J'i  step  <  g. 

7: 

id. 

22: 

I  step  <  g. 

29: 

2  steps  >  p. 

30: 

I  step  <  jf. 

Oct. 

21: 

=  g- 

Nov. 

4: 

I  step  >  K- 

19: 

id. 

Dec. 

24: 

=  R- 

*  \  i«V  the  •krtch  in  the  Pmhlicationi  A.  S.  P.,  No.   100.  IT    U 
•\  Ar  the  •ketch  in  the  Pnhlnaixons  A.  S.  P..  No.   135.  fS*.   42. 

*  \  t>i<-  thr  sketch  in  the  Pmhiicattons  A.  S.  P.,  No.   136.  IS.  43. 
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Several  other  stars  have  been  watched,  such  as  Y  Tauri 
(B.  D.  +20°  1083),  which  on  January  sth,  31st,  and  Feb- 
ruary 8th  was  a  little  fainter,  but  on  February  2Sth,  March  22d, 
24th,  April  2d,  6th,  Sth  and  14th  a  little  brighter  than  the 
star  B.  D.  -f  20°  1095.  —  TV  Cygni^  has  in  the  past  year  only 
shown  small  variations,  being  either  equal  to  or  a  little  brighter 
than  C 

Large  Meteors. 

Fireballs  have  been  observed  from  stations  in  Denmark  and 
surrounding  countries  on  the  following  dates:  January  27th 
(sixteen  observations  from  Denmark,  one  from  the  North  Sea, 
and  one  from  Scotland),  March  24th,  April  ist,  Sth,  2Sth,  May 
2Sth,  June  6th,  July  26th,  2Sth,  30th,  August  9th,  iSth,  Septem- 
ber 6th,  23d,  24th,  October  2d,  21st,  31st,  November  4th,  loth, 
iSth  (two  meteors),  19th,  23d  (three  meteors),  26th,  27th, 
2Sth,  December  2d,  iSth,  24th.  One  of  the  two  under  Novem- 
ber I  Sth  named  meteors  was  especially  interesting.  A  great 
fireball  with  a  long  tail  was  seen  and  the  meteorite  fell  doum 
in  the  sea  near  Dyrvik  on  Froya  at  Trondhjem,  Norway,  after 
having  hit  and  demolished  the  mast  of  a  yacht  in  the  harbor  and 
a  pane  was  cracking  into  an  adjoining  house  at  the  same  time, 

Shooting-Stars. 

Shooting-stars  were  observed  from  seven  stations  in  Den- 
mark from  August  9th  to  12th.  At  these  stations  116  paths 
of  shooting-stars  were  mapped  and  four  proved  suitable  for 
calculation,  under  which  two  fireballs  were  included  —  the 
meteors  on  April  Sth  and  October  21st.  These  four  meteors 
have  given  the  following  results : — 

From  Observaiion, 

No.  Time,  P.  M.  Station.  Beginning.  Ending,         Mag.        Obserrer. 

I     Aor      8       oi»    cmiOdense  290** +  69*'    342** +63*     9       C.  T.  Best. 

1  Apr.     o,      9     5   I  Copenhagen    49+53        39  +42.5  9       A.  Fock. 

2  Auk.    9,    10  42.5/ P^.^^*"  336+64     317  +59      a      t.  K6hu 

IJyderup         222   +71.5   213+54       2       M.  PovLsiif. 

3  Aug.  12,    10    14    \^I^^^  12+26      U      T.  Vaa,ek. 

(Moen  172+49      U      Kimulff. 

4  Oct.    21,     10   43    /^^^"l«  ^   +30       I        CT.  BuiK. 

(Copenhagen     324+24       i       Kieiclff. 


»Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  135,  28.  43. 
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From  Calculation. 


i   . 

Be«mm«,. 

Ending. 

Remllcnrh 
of  the  path. 

t — * — \ 

Radiant. 

k             X 

♦ 

h 

X                 ^    ^ 

AR  Dccl. 

1 

99^9    i*36'.3 

w 

56*2r.9 

91^ 

a*  3o'.i    56"  Sa'.i 

w 

71^ 

ao2*  -^  14* 

2 

117-2    I   49.9 

w 

56   14^ 

777 

a   10. 1    56    a. 5 

w 

50 

194  +65 

3 

32.9 

0  44.9  55  24.6 
w 

4 

564 

0  51-3    55  ^.5 

*  and  ^  arc  expressed  in  kilometers ;  X  is  longitude  from  G>penhagen ;  ^  is 
north  latitude;  ^  is  the  altitude  of  the  meteor  above  the  Earth's  surface. 

The  Carina-Meteor  catalog  has  now  reached  a  number  of 
5/*/)  meteors,  observed  from  stations  in  Denmark  and  sur- 
rtKinding  countries  from  1875  to  1913,  inclusive. 

From  August  nth  to  i6th,  inclusive,  astronomical  lectures 
were  held  at  the  Carina  Observatory  in  Odder. 

In  the  estimation  of  variable  stars  I  often  have  been  assisted 
b>-  Mr.  J.  Skakke,  who  also,  by  the  aid  of  a  Darlot-lens,  has 
undertaken  a  work  on  stellar  photography. 
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PLANETARY  PHENOMENA  FOR  MAY  AND 
JUNE,  1914. 


By  Malcolm  McNeill. 


PHASES  OF  THE  MOON,  PACIFIC  TIME. 


First  Quarter. . May  2,  io*»  29n»  p.m. 

Full  Moon "     9,    I   31    P.M. 

Last  Quarter..    *'    16,  2   12    p.m. 
New  Moon  ...    "   24,   6   35    p.m. 


First  Quarter.. June  i,  6^  3"a.m. 
Full  Moon  ..."  7»  9  18  p.m. 
Last  Quarter..  "  15,  6  20  a.m. 
New  Moon  ...  "  23,  7  33  a.m. 
First  Quarter.    "   30,11   24    a.m. 


The  Sun  reaches  the  summer  solstice  and  summer  begins  on 
June  2ist  shortly  before  11  p.  m.,  Pacific  time. 

Mercury  on  May  ist  is  a  morning  star,  rising  about  three- 
quarters  of  an  hour  before  sunrise,  and  is  therefore  too  near 
the  Sun  for  naked-eye  observations.  It  moves  on  toward 
superior  conjunction,  reaching  it  and  becoming  an  evening  star 
on  the  morning  of  May  17th.  The  apparent  distance  between 
the  bodies  rapidly  increases,  and  by  June  ist  the  planet  remains 
above  the  horizon  nearly  an  hour  and  a  half  after  sunset.  On 
June  1 8th  the  planet  reaches  its  greatest  east  elongation,  and 
will  then  remain  above  the  horizon  a  little  more  than  an  hour 
and  three  quarters  after  sunset.  After  this  the  planet  and  the 
Sun  approach  each  other,  but  the  distance  between  them  re- 
mains great  enuf  so  that  the  planet  remains  above  the  horizon 
more  than  an  hour  after  sunset,  until  after  the  end  of  the 
month.  Therefore  from  the  last  week  in  May  until  July  Mer- 
cury is  in  good  position  for  evening  observation,  and  about 
the  middle  of  June  it  is  in  a  specially  good  position.  This  is 
by  far  the  best  period  of  the  year  for  seeing  this  planet.  The 
greatest  east  elongation,  24°  52',  is  larger  than  the  average,  as 
the  planet  comes  to  its  aphelion  on  July  3d.  Also  at  the  end 
of  May  Mercury's  heliocentric  latitude  is  greatest ;  that  is,  it  is 
about  2°  north  of  the  Sun's  path,  and  this  retards  its  setting 
some  minutes.  On  May  28th  it  is  in  conjunction  with  Saiuni, 
but  the  nearest  approach  is  3°,  and  it  occurs  during  daylight  in 
the  United  States.  On  June  2Sth,  2  p.  m.  Pacific  time,  it  is  in 
conjunction  with  Neptune,  the  latter  being  only    10'  north. 
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There  will  be  another  conjunction  of  the  same  planets  on 
July  8th. 

I'enus  remains  an  evening  star,  being  a  little  farther  from 
the  Sun  and  in  better  position  for  observation  than  during 
the  early  spring.  On  May  1st  the  planet  remains  above  the 
horizon  somewhat  more  than  an  hour  and  one  half  after  sun- 
*^.  This  interval  increases  to  rather  more  than  two  hours  by 
June  1st  and  remains  practically  constant  thruout  that  month. 
The  planet  on  May  ist  is  in  the  constellation  Taurus  between 
the  Pleiades  and  Hyades,  and  moves  eastward  out  of  Taurus 
thru  Gemini  and  Caftcer  almost  to  Leo,  On  the  morning  of 
May  i6th  it  is  in  conjunction  with  Saturn,  but  the  nearest 
approach  is  not  close  and  occurs  during  daylight  in  this  coun- 
try-. It  is  also  in  conjunction  with  Xeptune  on  June  i6th. 
r>  p.  u.  Pacific  time,  passing  2*^  14'  north  of  the  latter. 

Mars  is  still  in  good  position,  but  its  apparent  distance  from 
the  Sun  is  gradually  growing  smaller.  On  May  1  st  it  remains 
above  the  horizon  until  nearly  i  a.  m..  but  by  the  end  of  June 
it  sets  at  about  half-after  10  p.  m.  During  the  two  months  it 
moves  33^  eastward  and  11^  southward  from  the  constellation 
Cancer  into  Leo,  On  June  23d  it  passes  less  than  i  °  south  of 
the  first-magnitude  star  Regulus,  aLeonis,  It  will  then  be 
di>tinctly  less  bright  than  the  star,  its  brightness  being  only 
about  10  per  cent  of  that  which  it  had  at  the  time  of  oppo- 
sition early  in  January.  Its  minimum  brightness,  about  that  of 
a  standard  second-magnitude  star,  like  the  pole  star,  will,  how- 
ever, not  be  reached  for  several  months.  Its  actual  distance 
from  the  Earth  is  still  growing  rapidly  larger,  changing  from 
141.000.000  to  187.000.000  miles  during  the  two  months.  On 
May  30th  and  again  on  June  27th  the  Moon  passes  very  close 
to  it.  the  planet  being  occulted  for  certain  parts  of  the  Earth 
on  the  first  of  the  two  dates. 

Jupiter  rises  on  May  ist  shortly  before  2  a.  m,  and  on  June 
30th  at  about  10  p.  u.  It  is  in  the  eastern  part  of  the  con- 
vtcllation  Capricorn  and  up  to  June  nth  it  moves  slowly  about 
2^2^  eastward  It  then  begins  to  move  westward  along  a  line 
a  little  to  the  south  of  its  line  of  eastward  motion  ami  at  the 
end  of  June  will  be  nearly  in  the  position  it  held  on  May  23d. 
On  the  evening  of  June  12th  it  will  be  in  very  close  conjunction 

•  >  '  -^  - ,  i 
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with  the  Moon  and  will  be  occulted  for  certain  portions  of  the 
southern  hemisphere. 

Saturn  remains  an  evening  star  until  the  morning  of  June 
13th,  when  it  passes  conjunction  with  the  Sun  and  becomes  a 
morning  star.  During  most  of  the  two  months'  period,  there- 
fore, it  is  too  close  to  the  Sun  for  naked-eye  observation.  On 
May  1st  it  sets  not  quite  three  hours  after  sunset,  but  before 
the  end  of  the  month  the  interval  shortens  to  considerably  less 
than  one  hour,  and  the  planet  will  then  not  be  bright  enuf  to  be 
seen  in  the  evening  twilight.  By  the  end  of  June  it  will  rise 
not  quite  an  hour  before  the  Sun.  The  planet  is  in  the  eastern 
part  of  the  constellation  Taurus  and  moves  about  8°  eastward 
during  the  two  months.  Its  conjunctions  with  Mercury  and 
Venus  have  already  been  mentioned. 

Uranus  rises  on  May  ist  at  about  half-after  i  a.  m.  and  at 
about  9:30  p.  M.  on  June  30th.  It  is  nearly  stationary  in  the 
constellation  Capricorn,  moving  a  little  eastward  until  May 
17th  and  then  moving  westward,  but  the  whole  motion  is  less 
than  1°.  There  is  no  bright  star  near  it,  but  during  the  early 
part  of  May  it  is  about  i  °  west  and  a  little  south  of  the  fourth- 
magnitude  star  $  Capricomi.  After  the  middle  of  May  it  moves 
away  from  the  star  toward  the  west. 

Neptune  is  in  the  western  sky  in  the  evening,  not  setting 
until  after  midnight  on  May  ist,  and  somewhat  after  eight  on 
June  30th.  It  remains  near  the  dividing-line  of  Gemini  and 
Cancer.  

LIBRARY  NOTICE-.WANTED. 

In  order  to  complete  our  files  for  binding,  the  following 
missing  numbers  are  wanted  to  Monthly  Notices  of  the  Royal 
Astronomical  Society: — 

Nos.  I,  2  and  4  of  Vol.  LXVI. 

No.  5  of  Vol.  LXIX. 

No.  I  of  Vol.  LXX. 

If  any  of  our  members  or  readers  are  in  possession  of  these 
numbers  and  find  it  in  their  hearts  to  contribute  them  to  the 
Society,  their  kindness  will  be  gratefully  appreciated. 

Send  to  the  Librarian  of  the  Astronomical  Society  of  the 
Pacific,  752  Phelan  Building,  San  Francisco,  Cal. 
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November  the  absence  of  continuous  spectrum  left  very  little 
of  the  light  of  the  star  in  the  X5600  region.  The  "effective 
wave-length"  therefore  of  the  integrated  light  being  determined 
to  a  considerable  extent  by  the  strong  bands  at  X4365  and 
k  5007,  was  decidedly  shorter  than  for  an  ordinary  star.  Hence 
the  focal  length  as  determined  by  the  eye  was  longer.  In 
February  the  presence  of  the  continuous  spectrum  and,  to  a 
less  extent,  the  weakening  of  the  two  bands  referred  to,  brought 
the  effective  wave-length  back  to  that  of  an  ordinary  star.  The 
change  should  be  accompanied  by  a  certain  amount  of  change 
in  color,  and  Professor  Barnard  states  that  the  star,  which 
appeared  bluish-white  in  October,  was  white  in  February. 

A  marked  feature  of  the  February  photograph  of  the  spec- 
trum is  the  very  great  intensity  of  the  principal  series  line  of 
hydrogen  at  k  4686.  It  is  fully  equal  to  the  chief  nebular  line 
at  k  5007.  W.  S.  Adams  and  F.  G.  Pease. 

Notes  on  the  One-Hundred-Inch  Telescope. 

During  the  winter  no  very  large  amount  of  optical  work  has 
been  performed  on  the  100-inch  disk,  altho  the  spherical  figure 
has  been  nearly  perfected.  It  has  been  found  impossible  to 
guard  completely  against  the  wide  variations  of  temperature 
due  to  weather  changes  in  the  winter  months,  and  accordingly 
it  has  seemed  preferable  to  delay  some  of  the  work  requiring 
the  greatest  accuracy  until  conditions  are  more  favorable.  In 
the  meantime  the  6o-inch  plane  mirror  to  be  used  in  testing 
the  parabolization  of  the  large  disk  has  been  completed.  In 
addition,  certain  changes  have  been  made  on  the  grinding  ma- 
chine to  facilitate  the  use  of  a  small  tool  in  parabolizing. 

The  mounting  has  made  considerable  progress  at  the  Fore 
River  Shipbuilding  Works  at  Quincy,  Massachusetts.  Among 
the  portions  already  cast  and  machined  are  the  north  and  south 
pedestals  (the  former  in  four  sections),  the  mercury  tanks  and 
floats,  and  portions  of  the  polar  axis.  Meanwhile  the  driving 
clock  has  been  under  construction  in  Pasadena  and  is  nearly 
ready  for  assembling.  According  to  present  plans  the  entire 
mounting,  with  the  exception  of  a  portion  of  the  tube  and  the 
driving  mechanism,  will  be  erected  at  Quincy  previous  to 
shipment. 
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The  first  carload  of  structural  steel  for  the  stationary  part 
of  the  telescope  building  is  expected  within  a  few  days.  We 
hope  to  be  able  to  erect  on  Mount  Wilson  during  the  coming 
Mimmer  this  portion  of  the  building,  which  will  include  the 
side  walls  and  the  rails  upon  which  the  dome  will  rotate.  To 
facilitate  the  transportation  of  this  material,  as  well  as  of  the 
ver>'  large  and  heavy  sections  of  the  telescope  mounting  at  a 
later  date,  considerable  work  has  been  done  on  the  mountain 
road  during  the  winter.  Although  this  work  has  been  much 
handicapped  by  remarkably  heavy  rainstorms,  about  five  miles 
of  the  road  has  been  widened  by  an  average  amount  of  four 
feet,  the  minimum  width  of  the  road-bed  for  this  portion  now 
being  twelve  feet.  At  the  sharper  turns  deep  excavations  have 
been  made  to  obviate  the  necessity  for  "backing^'  the  motor 
trucks  used  in  transportation.  We  expect  to  complete  the 
widening  of  the  remaining  four  miles  of  the  road  next  winter. 

W.  S.  Adams. 

D.  O.  Mills  Expedition. 

Mr.  Arthur  A.  Scott,  Instructor  in  Mathematics  in  the  In- 
stituto  Ingles,  Santiago,  Chile,  has  been  appointed  Assistant 
in  the  D.  O.  Mills  Observatory  on  Cerro  San  Cristobal, 
Santiago.  W.  W.  Campbell. 

The  Spectrum  of  i;CARiNi€. 

Located  on  the  edge  of  the  perforation  in  the  great  "Key- 
hole Nebula*'  are  a  number  of  faint  stars,  among  which  is  the 
well-known  variable  lyConW,  or  ri  Argus,  at  present  invisible 
to  the  unaided  eye  and  only  distinguished  from  its  neighbors 
by  its  slightly  greater  brightness  and  deep  red  color.  It  has, 
however,  not  always  been  such  an  inconspicuous  object.  Of 
the  fourth  magnitude  in  1677,  when  first  observed  by  Halley 
at  St.  Helena,  it  appears  to  have  risen  to  the  second  some  eight 
years  later.  At  the  beginning  of  the  last  century  it  was  again  a 
star  of  the  fourth  magnitude.  Then  followed  a  period  of  violent 
changes  in  light.  A  maximum  was  attained  in  1843,  ^^  which 
time  it  was  only  slightly  inferior  in  brightness  to  Sirius.  Slowly 
it  declined  to  the  first  magnitude  in  1856  and  then  rapidly 
descended  until  it  became  invisible  to  the  naked  eye  in  186B. 
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A  stationary  minimum  of  about  seven  and  a  half  was  reached 
in  1885,  and  there  it  has  since  remained,  with  occasional  fluc- 
tuations up  or  down  of  a  few  tenths  of  a  magnitude.  All 
attempts  to  deduce  a  period  for  the  variation  in  light  of 
rf  Caritue  have  failed,  and  it  seems  probable  that  this  star  be- 
longs to  the  class  of  variables  known  as  temporary  stars  or 
novae. 

The  spectrum  of  this  interesting  star  has  been  studied  photo- 
graphically with  objective  prism  spectrographs  at  the  Arequipa 
Station  of  Harvard  College  Observatory  and  at  the  Cape  Ob- 
servatory. A  spectrogram  with  a  one-prism  slit-spectrograph 
was  also  secured  by  Gill  at  the  Cape  Observatory  in  1899.  In 
further  study  of  its  spectrum  three  spectrograms  were  obtained 
by  the  authors  on  March  29,  1912,  and  March  11  and  28,  1913, 
with  the  one-prism  slit-spectrograph  of  the  D.  O.  Mills  Expe- 
dition, Santiago,  Chile.  The  values  of  the  wave-lengths  of 
the  lines  determined  from  measures  of  these  plates  and  a 
discussion  of  the  results  are  given  in  Lick  Observatory  Bul- 
letin, No.  252.  From  our  study  of  the  spectrum  of  17  Caritue 
as  exhibited  on  our  spectrograms  we  have  drawn  the  following 
conclusions : — 

1.  The  spectrum  of  17  CtmW  on  our  spectrograms  is  essen- 
tially a  bright-line  spectrum. 

2.  A  number  of  the  bright  lines  have  been  identified  with 
enhanced  lines  of  iron,  titanium,  and  chromium. 

3.  The  enhanced  iron  lines  are  displaced  toward  the  violet 
from  their  normal  position  by  0.42  A.  On  the  assumption 
that  this  displacem^ent  is  a  Doppler  effect,  it  corresponds  to  a 
velocity  of  approach  of  28^"  per  second. 

4.  There  is  some  evidence  that  the  titanium  and  chromium 
lines  show  a  mean  displacement  to  the  violet  0.2  A  greater 
than  that  of  the  iron  lines. 

5.  The  iron  lines  are  in  general  the  stronger  lines,  while  the 
lines  of  titanium  and  chromium  appear  only  among  the  weaker 
ones. 

6.  Several  strong  lines  in  17  Carifue  have  not  been  identified 
with  known  lines. 

7.  Some  evidence  is  presented  that  the  hydrogen  lines  are 
double. 
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8.  The  lines  of  helium,  the  nebular  lines,  and  magnesium 
4481  A  are  not  present  on  any  of  our  spectrograms. 

9,  A  comparison  of  the  spectrum  of  ly  Carince  with  that  of 
novae  in  the  early  period  of  their  history  indicates  a  close  con- 
nection between  the  two  spectra.  This  fact  and  the  great  fluc- 
tuation in  light  exhibited  by  this  star  in  the  past  lend  support 
to  the  view  frequently  expressed,  that  lyCarimr  is  a  nova. 
Further  support  arises  from  the  apparent  location  of  this  star 
m  a  great  ndxila.  j.  H.  Moore  and  R.  F.  Sanford. 

A  Remarkable  Thunder  Storm. 

The  thunder  storm  which  occurred  shortly  after  midnight 
of  February  iSth-iQth  gave  an  exhibition  of  fireworks  and 
noi'^  which  the  Lick  Observatory  community  will  never  forget. 
T\\t  conditions  were  very  dramatic.  When  I  was  first  awak- 
ened, the  interval  between  the  flash  and  the  thunder  was  ten 
seconds;  then  it  was  successively  nine,  eight,  seven,  six,  five 
and  four  seconds.  This  meant  that  the  storm  was  approaching 
u>  and  that  the  electrical  discharges  were  less  than  a  mile 
away.  Next  the  interval  was  three  seconds,  and  I  felt  sure  that 
we  were  in  for  trouble.  The  two  following  discharges  were 
two  seconds  or  less  away,  and  it  is  probable  that  these  were 
the  ones  which  connected  with  the  steel  dome  of  the  36-inch 
refractor.  A  few  seconds  later  there  were  two  discharges 
which  must  have  hit  the  hill  on  which  my  residence  stands 
(Ptolemy),  for  the  swish  of  the  discharges  through  the  air 
was  heard  a  minute  fraction  of  a  second  before  the  blinding 
flash  and  the  deafening  crash  occurred,  the  flash  and  the 
crash  being  simultaneous.  Having  paid  its  compliments,  the 
storm  continued  on  its  way,  with  increasing  time  intervals 
between  flash  and  report. 

The  lightnmg  struck  many  times  within  the  region  occupied 
by  the  observatory  buildings  and  residences.  The  great  dome 
was  struck  once  certainly,  and  twice  probably.  A  small  fire 
was  started  at  a  harmless  point  in  the  basement  of  the  great 
<l<mie.  It  was  found  promptly  and  put  out  without  effort  or 
excitement.  The  electric-lighting  and  power  plant  and  the 
telephone  system  were  early  put  out  of  commission.  Fuses 
were  melted  in  all  of  the  buildings,  and  many  electric  lamps 
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were  exploded.  Coils  in  several  of  the  electric  motors  were 
burned  out ;  copper  wires  were  melted  here  and  there ;  and  all 
of  the  meters  which  measure  the  flow  of  current  in  the  various 
buildings  were  damaged.  Fortunately,  there  was  no  personal 
injury. 

California  is  remarkably  free  from  thunder  storms,  except  in 
the  high  Sierras,  and  it  was  quite  out  of  harmony  with  our 
traditions  that  Mount  Hamilton  should  have  serious  trouble 
from  this  source.  We  are  considering  ways  and  means  of 
future  protection  against  lightning. 

Lightning  discharges  on  Mount  Hamilton  seem  to  be  closely 
associated  with  sleet  storms.  The  disturbance  of  February 
1 8th- 19th  was  accompanied  by  a  downfall  of  diminutive  hail 
stones.  The  ground  was  covered  with  ice  balls  a  quarter  of 
an  inch  or  less  in  diameter.  I  recall  that  on  two  or  three  former 
occasions  a  fall  of  sleet  was  accompanied  in  each  case  by  a 
single  sharp  discharge  of  lightning,  which  occurred  without 
warning  and  did  not  repeat  itself.  W.  W.  Campbell. 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


In  »ccordaiice  with  a  recent  arrmnfement  the  member*  of  the  •cientific  tuff  of 
tW  Ljck  Obacrratory  bold  meetings  once  per  week,  «s  an  obaenratory  dnty.  to  report 
apoa  and  dncnaa  tbe  more  important  articles  appearing  in  tbe  joamals  of  astronomjr. 
tbe  uBfwrtaot  new  books  on  astronomical  subjects,  or  subjects  of  current  and  special 
irtrrrst  in  tbe  obserratory's  work.  It  has  been  soffested  that  abstracts  of  the 
rrTM^ns  would  be  of  interest  to  tbe  readers  of  these  PuLiicmtioms,  and  the  PuUication 
C  tiwmntee  has  acted  favorably  upon  tbe  suffestion. 

It  t«  intended  to  preserve  tbe  qualities  of  abstracts  as  far  as  poasible,  and  to 
mtrici  published  criticisms,  favorable  or  unfavorable,  to  a  minumtm. 


The  Lines  of  Magnesium.* 

The  spectrum  of  magnesium  has  recently  been  investigated 
by  Professor  Fowler  at  the  South  Kensington  Laboratorj-, 
Ijondon,  with  a  view  to  find  series  among  the  lines  analogous 
to  those  of  hydrogen.  His  previous  investigation  of  the  hydro- 
pen  spectnmi  as  given  by  a  vacuum  arc  led  to  the  production 
fi>r  the  first  time  in  the  laboratory  of  the  sharp  series  which 
before  had  been  found  only  in  Zeta  Pup  pis  and  similar  stars; 
al><>  to  the  discovery  of  a  second  principal  series  and  of  four 
members  of  the  first  principal  series,  the  first  of  which  corre- 
sj¥>nds  to  the  line  4686  found  in  nebubc  and  Wolf-Rayet  stars. 
It  seemed  then  that  hydrogen  was  unique  in  having  two  prin- 
cipal series  converging  to  the  same  limit  of  frequency  like  the 
4iiflruse  and  sharp  series.  It  is  now  found  that  the  magnesium 
s|>ectnim  from  the  vacuum  arc  contains  at  least  one  pair  of 
series  converging  to  a  limit  of  frequency.  This  pair  of  series 
is  in  the  violet  and  ultra-violet,  and  another  is  suspected  in 
the  visual  region  to  correspond  with  the  diffuse  and  sharp 
series  of  hydrogen.  Just  as  the  first  line  of  the  first  principal 
series  of  hydrogen  4686  is  a  conspicuous  stellar  line,  so  the 
finit  line  of  the  first  of  the  two  new  magnesiimi  series  is  a 
conspicuous  stellar  line  in  classes  A  and  B.  Professor  Fowler 
measures  the  wave-length  on  his  plates  as  4481.35.  It  is  a 
strong  line  in  the  spark  spectrum  of  magnesium.  It  is  as 
strong  as  helium  in  many  early-type  stars.  Frost  and  Adams 
determined   its   wave-length    from   their  stellar  plates   to  be 

•  llv  A,  Fowi.««.  Soatb  Kensinflon,  London.  Preceedimgi  of  tlu  Royal  Socitly. 
■•.    133.   Aocust.   1913. 
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4481.40.  A  significant  result  of  Professor  Fowler's  measure- 
ments is  the  practically  constant  diflference  of  frequency  of 
about  a  thousand  units  between  each  line  of  the  new  mag- 
nesium series  and  the  corresponding  line  of  the  principal  series 
of  hydrogen. 

The  well-known  Rydberg  series  of  single  lines  given  by 
the  arc  in  air  are  very  diflFuse.  Fowler  has  found  them  quite 
sharp  in  the  vacuum  arc  and  has  obtained  more  accurate  meas- 
ures of  their  wave-lengths.  Three  of  these  lines  in  the  blue 
region  were  known  to  correspond  to  solar  lines.  The  succeed- 
ing four  toward  the  violet  are  now  seen  to  correspond  with 
solar  lines,  so  that  it  is  very  certain  that  the  Rydberg  series 
of  single  lines  exists  in  the  solar  spectrum.  Professor  Fowler 
finds  that  three  other  lines  seem  to  be  associated  with  the 
Rydberg  series  somewhat  as  the  sharp  series  of  hydrogen  is 
associated  with  the  diffuse  series,  but  the  correspondence  is  not 
exact.  The  following  table  give  the  measures  of  the  several 
series  investigated: — 


First 

Second 

First 

Second 

Rowland 

Fowler. 

Fowler. 

Rydberg. 

Rydbcrg(?). 

SoUr. 

4481.35^ 

3104.91 

5711.56' 

57II.3I 

2661.00 

2449.68 

5528.75' 

5528.64* 

2329.68 

2253.94 

4730.34 

4730.21 

2202.75 

2166.35 

4703.33" 

4352.18^ 
4167.55 
4057.78 
3986.94 
3938.58* 
3904.1/ 
3878.73* 
3859.39* 

4354.53* 

4703.18" 
5354.43 

4352. o8» 
4167.44 
4057  67 
3986.90 
3938.55 

*  Strongest  line  in  magnesium  spark  and  strong  in  early  type  stars. 
'  Measures  by  Kayser  and  Runge. 

*  Previously  identified  with  magoesium. 

^  Discovered  in  the  vacuum  by  Fowler  in  the  present  investigation. 

*  Predicted  by  Fowler  from  his  formula  and  at  once  found  on  his  plates. 

The  discovery  in  the  laboratory  of  stellar  lines  and  the 
determination  of  their  wave-lengths  is  of  great  help  in  de- 
termining the  radial  velocities  of  stars  and  in  dealing  with  the 
questions  of  the  physical  condition  of  stellar  masses  and  their 
atmospheres  as  regards  their  temperature,  pressure,  density* 
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intrinsic  luminosity,  energy,  radiation,  character  of  spectrum, 
whether  emission,  absorption,  or  both  of  these  with  the  phenom- 
ena of  reversal  The  conditions  under  which  lines  appear  in 
the  laboratory  may  give  an  indication  of  the  stellar  condition 
of  the  star  in  which  they  are  found  with  similar  characteristics. 
Fowler's  investigations,  therefore,  lend  great  aid  to  astro- 
physics. G.  F.  Paddock. 


Flexure  of  Mirrors:  Effect  upon  Resolving  Power.* 

This  investigation  is  an  attempt  to  deal  with  the  effect  of 
the  bending  of  a  mirror  upon  the  imag^  which  it  may  form. 
A  brief  statement  of  the  problem  and  attending  conditions  is 
as  follows:  Resolving  power  is  proportional  to  aperture.  Dis- 
tortion of  the  figure  due  to  weight  of  mirror  and  form  of  sup- 
port will  impair  the  resolving  power.  Increasing  apertures 
for  mirrors  of  same  thickness  and  same  form  of  support  may 
gain  no  resolving  power.  There  may  be  a  critical  aperture 
beyond  which  resolving  power  may  decrease.  The  object  of 
the  paper  is  to  calculate  the  distortion  for  various  forms  of 
support  and  the  effect  on  resolving  power  and  the  limits  of 
aperture  permissible.  The  difficulties  of  analysis  permit  the 
consideration  of  only  simple  forms  of  support,  but  they  are 
sufficient  to  show  whether  the  critical  aperture  is  beyond  the 
limit  of  practicable  construction. 

The  analysis  is  based  upon  the  equations  of  elastic  equi- 
libritmi  in  the  theory  of  elasticity.  The  horizontal  and  vertical 
positions  of  the  mirror  are  treated,  the  inclined  position  being 
considered  a  combination  of  the  other  two.  The  back  supports 
considered  are  those  at  the  center,  at  the  rim,  and  on  a  circle 
between  center  and  rim.  The  formulae  first  deduced  give  the 
relative  depression  of  center  and  rim  or  of  any  point  of  the 
radius  with  respect  to  the  fixed  center  or  rim.  Further  formu- 
lae deal  with  the  breadth  of  the  image  of  a  point  source  of 
light  and  the  effect  upon  it  of  the  flexure  of  the  mirror ;  whence 
follow  expressions  for  the  limit  of  aperture  beyond  which  the 
breadth  of  the  image  decreases  the  resolving  power.  Assuming 
the  thickness  to  be  one  tenth  the  aperture,  the  limit  of  aperture 

*  By  H.  S.  Jowu.  CuBbridf*,  ProtMSirngt  0f  tA#  R^y^  Society,  m.  494.  Juljr. 
191S. 
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is  eight  inches  for  support  at  the  circumference ;  for  supports 
at  both  center  and  rim,  the  limit  is  about  four  feet ;  for  supports 
at  center,  at  rim,  and  midway  between,  the  limit  of  aperture  is 
about  ten  feet.  By  increasing  the  thickness  of  the  mirror,  the 
limit  of  aperture  is  increased,  but  the  thickness  may  be  de- 
termined by  the  process  of  casting  the  glass,  the  homogeneity* 
of  the  glass,  and  the  amount  of  weight  feasible  to  support.  It 
is  obvious  that  more  complete  back  supports  than  those  men- 
tioned increase  the  limit  of  aperture  beyond  practicable  sizes 
of  mirrors.  Further  discussion  of  the  distortion  in  the  plane 
of  the  morror,  due  to  inclined  or  vertical  positions,  shows  that 
it  is  impossible  to  prevent  displacements  tangential  to  the  rim, 
but  the  normal  displacements  can  be  prevented  by  rim  sup- 
ports. On  the  vertical  position,  assuming  the  focal  length  to 
be  five  times  the  aperture,  the  limit  of  aperture  is  about  twelve 
feet.  By  increasing  the  focal  length  the  limit  of  aperture  is 
increased. 

The  conclusion  reached  is  that  with  simple  forms  of  support 
the  critical  aperture  is  greater  than  is  practicable  for  con- 
struction. An  example  of  the  best  system  of  support  is  that  of 
the  Mount  Wilson  6o-inch  mirror,  which  has  well-distributed 
back  supports  and  a  rim  band  with  lateral  supports. 

G.  F.  Paddock. 


On  a  Simple  Method  of  Detecting  Discontinuities  in  a 
Series  of  Recorded  Observations  with  an 
Application  to  Sun-Spots.* 
Professor  Turner  has  been  engaged  for  some  time  in  ana- 
lyzing  Wolfe's    sun-spot    numbers    in    a    Fourier    sequence, 
"arriving  finally  at  the  conclusion  that  none  of  the  periodicities 
disclosed   were  continuous   throughout   the   series.''     In   the 
present  paper,  he  resumes  the  discussion,  beginning  by  describ- 
ing a  simple  expedient  for  detecting  the  breaks  in   such   a 
series.     The  method  followed  is  exhibited  in  a  detailed  appli- 
cation to  Wolfe's  numbers  from  1749  on,  which  reveals  dis- 
continuities or  breaks  in  the  series,  not  introduced  by  the  cal- 
culation and  hence  existing  in  the  observational  data.    **These 
breaks  are  near  the  dates  1766,  1796,  1838,  1868,  1895,  which 


'  By  H.  H.  Turner,  Monthly  Notices  R.  A,  S„  74,  82,  1913. 


Astronomical  Society  of  the  Pacific.         1 1 1 

arc  sufficiently  close  to  those  of  Leonid  perihelia  to  suggest  a 
r  era  causa,'* 

IJcfore  discussing  this  hypothesis  the  author  exhibits  a  taWe 
to  show  varying  periods  which  best  fit  the  sun-spot  numbers. 
These  are  as  follows:  1749-1767,  10.9  years;  1760- 1796,  9.379; 
1787-1838,  i2^g;  1829-1870.   11.69;   1860-1894,   12.07;   1890- 

The  remaining  portion  of  the  paper  is  devoted  to  an  expo- 
sition of  his  hypothesis  that  the  Leonid  meteor  swarm  is  re- 
sponsible for  these  discontinuities,  or  changes  of  period  in 
sun-spot  activity. 

The  Leonids  cannot  act  directly,  since  the  perihelion  distance 
of  the  stream  is  about  an  astronomical  unit ;  hence  a  secondary 
swarm  is  postulated.  This  swarm  is  assumed  to  revolve  in 
about  eleven  years,  with  a  very  small  perihelion  distance,  com- 
parable to  the  Sun's  radius.  The  major  axis  of  the  orbit  is 
nearly  five  astronomical  units,  and  the  eccentricity  is  exceed- 
ingly high.  r=  I  —  .001.  Hence,  on  any  ordinary  sized  dia- 
gram, the  orbit  would  be  practically  a  straight  line,  resting  one 
end  on  the  Sun.  with  the  other  extending  10  A.  U.,  approxi- 
mately Saturn's  distance,  from  the  Sun.  In  such  an  orbit  the 
velocity  at  the  Sun  end  would  be  very  great,  at  the  other  very 
small;  hence  the  swarm  would  linger  at  aphelion,  four  fifths 
of  the  period  being  spent  at  a  distance  greater  than  5  A.  U. 
from  the  Sun,  and  half  the  period  at  a  distance  exceeding 
8.5  A.  U. 

In  this  part  of  the  orbit  the  swarm  will  be  very  sensitive  to 
perturbations,  and  it  is  suggested  that  the  Leofud  swarm 
is  the  disturbing  agent.  This  assumption  is  then  investigated 
in  detail,  the  perturbing  effect  of  the  Leonids  on  the  swarm 
as  it  moves  out  toward  aphelion  and,  later,  when  it  returns, 
being  taken  into  account. 

Professor  Turner  finds  that  by  plausible  assumptions  of 
the  relative  positions  of  the  hypothetical  swarm  and  of  the 
Leonids,  the  observed  variation  in  periods  can  be  explained. 

The  origin  of  this  hypothetical  swarm  is  then  considered 
and  the  hypothesis  is  advanced  that  it  is  a  portion  of  the  Leonid 
swarm  which  has  been  detached  by  an  encounter  of  the  Leonids 
with  Saturn,     From  a  consideration  of  the  periods  of  Saturn 
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and  of  the  Leonids,  it  is  found  that  the  year  301  A.  D.  **secms 
most  promising"  for  this  encounter,  tho  there  are  also 
arguments  in  favor  of  the  year  271  A.  D. 

The  author  admits  that  "the  foregoing  theory  depends  on 
the  fundamental  assumption  that  the  Leonids  have  sufficient 
mass  to  alter  the  period  of  the  SSS  [sun-spot  swarm]  very 
considerably.  If  so,  they  must  also  be  able  to  perturb  appre- 
ciably other  bodies  near  which  they  pass,  and  particularly  the 
Earth."  The  unexplained  fluctuations  in  the  Moon's  motion 
are  then  examined  and  the  conclusion  is  reached  that  they  are 
quite  consistent  with  disturbances  at  Leonid  returns. 

Professor  Turner  further  thinks  it  possible  that  the  Leonids 
may  be  responsible  for  the  unexplained  secular  movement  of 
the  perihelion  of  Mercury, 

Finally,  he  finds  no  difficulty  in  accounting  for  the  "equa- 
torial acceleration"  of  sun-spots. 

At  the  time  of  making  this  abstract  no  critical  comment  on 
Professor  Turner's  hypothesis  has  been  printed. 

February,  1914.  ^-  ^-  AlTKEN. 


Photographic  Methods  in  Latitude  Work. 

Most  of  the  attempts  which  have  been  made  in  the  past  to 
employ  photography  in  the  investigation  of  the  variation  of 
latitude  have  failed  to  prove  their  superiority  to  visual  ob- 
servations. But  a  decided  advance  appears  to  have  been  made 
in  this  field  by  the  recent  work  of  Dr.  F.  E.  Ross  at  Gaithcrs- 
burg,  Maryland,  with  a  photographic  zenith  telescope  of 
special  construction.^  "By  a  suitable  mechanism  the  photo- 
graphic plate  is  made  to  move  in  an  east  and  west  directioa 
with  the  speed  of  a  zenith  star.  Six  images,  of  14  seconds 
exposures  each,  are  secured  of  each  star,  three  before  and 
three  after  reversal  of  the  objective.  The  objective  is  20™ 
(7.87  inches)  in  diameter  and  has  a  focal  length  of  516*^ 
(20.31  inches).  Stars  of  magnitude  8.5  can  be  photographed 
on  an  average  night.  The  maximum  zenith  distance  measur- 
able is  10'."  The  accuracy  of  the  results  secured  is  very 
high;  the  greatest  deviation  from  the  mean  of  all  Dr.  Ross's 


^  Astronomisch*  Nachrichten,  197,  137,  1914. 
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observations  in  one  month  was  o".20,  and  there  was  only  one 
error  of  this  magnitude.  The  probable  error  of  one  pair  of 
surs  is  ±:o".o6i,  while  the  corresponding  probable  error  of 
the  same  observer  by  the  ordinary  visual  method,  derived  from 
observations  extending  over  several  years,  is  ±,  o".i02. 

H.  D.  Curtis. 


A  Faint  Companion  to  Capella. 

An  interesting  discovery  has  been  made  by  Dr.  R.  Furuh- 
JELM  of  Helsingfors  Observatory,  from  measures  made  on 
plates  of  the  Helsingfors  section  of  the  Carte  Photographique 
du  Ciel.  He  finds  that  a  faint  star  of  photog^phic  magnitude 
10.6,  slightly  over  twelve  minutes  of  arc  from  Capella,  is 
ph3rsically  connected  with  the  bright  star.  The  faint  star  has 
almost  precisely  the  same  proper  motion  as  Capella,  both  in 
direction  and  in  amount.  As  Capella  is  itself  a  spectroscopic 
binary,  the  discovery  of  this  distant  companion  adds  additional 
interest  to  the  system. 

The  special  interest  of  the  discovery  lies  in  the  relatively 
very  great  distance  of  the  faint  companion  from  the  bright 
star.  Adopting  Elkin's  value  for  the  parallax  of  Capella,  its 
distance  from  our  system  is  roughly  forty-one  light-years,  and 
the  faint  companion  star  is  at  least  one-seventh  of  a  light-year, 
or  over  eight  hundred  billion  miles  from  its  bright  primary. 

H.  D.  Curtis. 


GENERAL  NOTES 


Napier  Tercentenary  Celebration.  —  John  Napier's  Logo- 
rithmorum  Canonis  MiriHci  Descriptio  was  published  in  1614; 
and  it  is  proposed  to  celebrate  the  tercentenary  of  this  great 
event  in  the  history  of  mathematics  by  a  Congress,  to  be  held 
in  Edinburgh  on  July  24-27,  1914.  The  celebration  will  be 
held  under  the  auspices  of  the  Royal  Society  of  Edinburgh, 
with  the  co-operation  of  numerous  other  societies.  A  general 
invitation  has  been  issued  by  the  committee  in  charge  to  all 
mathematicians  and  others  interested.  On  two  days  of  the 
meeting  the  historical  and  present  practice  of  computation 
and  other  developments  closely  connected  with  Napier's  dis- 
coveries and  inventions  will  be  discussed. 


Dr.  Stroobant,  of  the  Royal  Observatory  at  Uccle,  Belgium, 
with  a  number  of  his  associates,  proposes  to  issue  soon  .-;  'h  w 
edition  of  Les  Observatoires  astronamiqnes  et  les  astronoines, 
which  appeared  in  1907.  This  valuable  book  of  reference  has 
become  a  sort  of  astronomical  "Who's  Who,"  and  the  new 
edition  will  be  welcomed  by  astronomers  and  libraries.  The 
committee  in  charge  desires,  as  in  the  first  edition,  to  include 
the  names  and  addresses  of  professors  of  astronomy  and  ama- 
teurs who,  though  not  attached  to  any  observatory,  are  engaged 
in  astronomical  work. 


Dr.  H.  F.  Baker,  Fellow  of  St.  John's  College  and  Cayley 
lecturer  in  mathematics,  has  been  elected  Lowndean  professor 
of  astronomy  and  geometry  in  the  University  of  Cambridge  in 
succession  to  the  late  Sir  Robert  Ball. 


The  New  Telescape  for  the  Chabot  Observatory. — The  new 
telescope  of  twenty  inches  aperture  for  the  Chabot  Observatory 
is  now  in  actual  progress  of  building. 

After  the  necessary  legal  advertising  for  bids,  the  oflFer  of 
the  Warner  &  Swasey  Company  was  accepted  and  the  tele- 
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Ncope  ordered.  The  optical  parts  are  to  be  furnished  by 
liftASiicvR.  The  objective  is  to  be  of  Jena  glass,  with  a  focal 
length  of  twenty-eight  feet,  two  finders,  of  4J/4  and  3  inches, 
nncrometer,  sidereal  dial,  quick-motion  in  right  ascension, 
coarse  and  fine  graduation  of  circles,  driving  clock  wound  by 
electric  motor,  full  electric  illumination  of  circles,  etc. 

The  disks  for  the  objective  have  already  been  ordered,  and 
the  Warner  &  Swasey  Company  are  at  work  on  the  mount- 
ing, which  the  company  will  exhibit  at  the  Panama-Pacific 
Exposition.  It  is  expected  that  the  objective  will  be  furnished 
before  the  Exposition  closes,  when  the  telescope  will  be  taken  to 
( )akland  and  installed  in  the  new  observatory,  which  will  be 
built  the  coming  autumn,  on  a  site  several  miles  from  the 
business  part  of  the  city,  where  the  present  observator)'  is 
located. — From  the  March  Popular  Astronomy, 


So  far  as  present  reports  indicate,  the  eclipse  track  for  the 
total  solar  eclipse  of  August  20th-2ist  next  will  be  adequately 
cmered  at  its  different  parts  by  a  number  of  expeditions.  Pul- 
kovTL  will  establish  three  stations,  one  on  an  island  in  the  Baltic, 
one  at  Kanev  southeast  of  Kiev,  and  one  at  Feo<losia  in  the 
Crimea.  An  expedition,  under  the  auspices  of  the  Joint  Per- 
manent Eclipse  Committee  of  the  Royal  and  the  Royal  Astro- 
n<  icnical  Societies,  will  be  located  at  or  near  Kiev,  the  observers 
being  Professor  Fowler,  Mr.  \V.  E.  Curtis,  and  Father 
CoRTiE.  with  Major  Hilu^  and  Father  O'Connor  as  volunteer 
observers.  The  Greenwich  observers,  Mr.  Jones  and  Mr. 
nvvn>5oN,  will  be  stationed  at  Minsk.  A  party  from  the  Solar 
Physics  ( )bservator>',  consisting  of  Professor  Xewall,  Mr. 
Stratton.  and  Mr.  Ritler.  will  be  located  near  Feodosia, 
near  which  spot  will  also  be  the  camp  of  the  expedition  of  the 
Conloha  Observatory  under  Dr.  Perrine.  There  will  prob- 
ably be  a  number  of  observers  in  Sweden  and  others  near  Riga. 
The  Lick  Observatory'  Crocker  eclipse  expedition,  under  Dr. 
Campbell,  with  Dr.  H.  D.  Cl'RTLS  as  associate,  will  prob- 
ably be  located  near  the  small  town  of  Brovary  about  ten 
miles  north  east  of  Kiev,  as  near  as  possible  to  the  central 
line.  Dr.  Campbell  will  be  accompanied  by  his  family.  The 
city  of  Hamburg  is  fitting  out  an  expedition  to  be  located  at 
vffTie  point  in   Russia.     An  expedition  headed  by  Professor 
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MiETHE  of  the  Technological  Institute  of  Charlottenburg  will 
go  to  the  island  of  Alsten  on  the  Norwegian  coast,  where  the 
path  of  totality  first  touches  the  European  continent. 


Excellent  progress  is  being  made  in  the  preliminary  work  of 
the  establishment  of  the  Cawthron  Observatory  in  New  Zealand 
for  work  in  solar  physics  and  allied  problems.  Professor 
EvERSHED,  of  the  observatory  at  Kodaikanal,  has  spent  several 
months  in  New  Zealand  in  consultation  with  the  donor,  Mr. 
Cawthron,  as  to  the  aims  and  equipment  of  the  new  observa- 
tory, and  in  investigating  the  various  sites  available.  A  site 
has  not  yet  been  definitely  selected,  but  it  will  be  at  some  eleva- 
tion in  the  vicinity  of  Nelson.  The  need  of  such  an  observa- 
tory in  the  southern  hemisphere  has  long  been  recognized, 
and  the  new  Cawthron  Observatory  will  fill  a  definite  and  use- 
ful field. 


Minutes  of  the  Meeting  of  the  Board  of  Directors  of 

THE  Astronomical  Society  of  the  Pacific,  held  in 

Room  2  of  the  Students'  Observatory,  Berket 

LEY,  on  March  28,  1914,  at  7:30  p.  m. 

There   were  present   President  Crawford  and   Directors  Towitley, 

BURCKHALTER,  CORNISH,  BaIRD,  and  RiCHARDSON. 

The  name  of  Mr.  Ludwig  Schwiers,  Jr.,  was  submitted  for  member- 
ship.   Unanimously  elected. 

The  Secretary  read  a  letter  from  Professor  Wm.  T.  Foster,  President  of 
Reed  College,  Portland,  Oregon,  inviting  members  of  the  Astronomical 
Society  of  the  Pacific  to  be  the  guests  of  Reed  College  at  a  dinner  in 
Portland  on  the  evening  of  May  20th,  which  entertainment  was  to  be  given 
in  connection  with  the  meeting  of  the  Pacific  Association  of  Scientific 
Societies  in  Seattle  on  May  21st.  It  was  decided  that  no  formal  delega- 
tion would  represent  the  Astronomical  Society  of  the  Pacific  on  that 
occasion,  but  a  vote  of  thanks  was  extended  to  Professor  Foster  and 
the  Faculty  of  Reed  College  for  their  courteous  invitation. 

The  matter  of  inserting  advertisements  in  the  Publications  of  the  So- 
ciety came  up  for  consideration  and  it  was  the  opinion  of  those  present 
that  something  might  be  done  in  that  line  to  augment  the  revenues  of 
the  Society.  The  Secretary  was  instructed  to  look  into  the  matter  and 
ascertain  if  such  action  would  impair  in  any  way  the  right  of  our 
Publication  to  second-class  postal  rates. 
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The  f<  lUminif  minute  was  adopted  in  tribute  to  the  memory  of  the 
late  IVoioss(tr  KnwARn  S.  Moiden: — 


F:««in  Si«i*.HTo»i  IloLorM,  who  dic<l  on  March  i6.  191 4.  was  the  founder  of 
Ih*  A%tronomical  Society  of  the  Pacific,  its  first  President.  an<l  the  Chairman  of  ita 
^-«t  <  ommiitre  on  Publication.  To  hi*  organiring  ability  and  hi»  wise  counsel, 
lie  SiKiciy  <»*e*  not  unly  it»  inception  but  alvi  its  rapid  growth  and  its  deveIoi>- 
mrnt  into  a  drfinite  force  for  the  adxancctnrnt  of  the  science  of  astronomy.  It 
»a«  mainiv  at  hi*  ^uggr^tum  that  the  funtU  for  the  Alexander  Montgomery  Library 
»'  i  f(.r  the  Ikinnhoe  Comet-Medal  were  given  to  the  Society,  and  it  was  due  to  his 
I- t^aente  that  Mi*»  Cathliine  W  otr  Hai  ch  maile  the  Society  the  trustee  for 
J  I'HinjiirTing  the  Bruce  Metlal  funci*.  The  statute*  governing  the  award  of  this 
ntr^'al.  whivh  ha%e  made  the  award  one  of  the  highest  honors  which  an  astronomer 
c»n  t-rccnc.  were  originateil  by  him.  As  long  as  his  residence  in  California  con- 
t-riiird.  h<  dr\t»(ed  time  and  thought  earnestly  and  unselfishly  to  the  promotion  of 
the    I  '»**iKTitr   and    influence  of   the    Society. 

It.  token  of  our  gratitufle  for  his  devoted  *er\ice.  of  our  respect  for  his  great 
aJ'-Iiiy.  and  of  our  sincere  and  deep  regret  at  his  death,  we.  the  Directors  of  the 
.\«tri^omtcal    S<»cictr   of   the   Pacific,   enter  this  simple  note  upon   our  minutes. 

We  further  direct  that  in  future  the  List  of  Mcmbrrs  of  the  Society  be  headed: 
EDWARD  SINC.LETON   HOLDKN.   FOCNDKR. 


Adjotimed. 

n.    S.    RUHAROSON, 

Secretary. 


MiMTKS  (M    THE  MEElIN(i  OF  THE  ASTRONOMICAL  SoCIF.TV  OF 

run  Pacifk  in  the  Assemhly  Hall  of  Stcdents' 

(  )i:SKKV\ToRY,    I»ERKELEY.   ON    MaRCII 
28,    1914,   AT  8:(X)   P.  M. 

The  tnertinj?  wa*  calird  to  order  hy  Presidrni  Crx^forh,  wlio  intnn 
d  u-fd.  a^  the  speaker  (»f  the  e\iniTiK  l>r.  S  D  T»)\\Ni-fV,  of  Stanf«»rd. 
who  dtlnercd  an  iiT^tnictixe  and  exceidintjly  inlrrr^tinx  address  on  the 
*»iihject  of  "S<  me  Recent  Advance*  in  the  Sunly  of  Vnnahlr  Stars" 

.\t    the   close   of   ilie   address   ilic    nirm)M*rs    present    were    uivitrfl    to 
itispect   the   Bruce  Ciold   Mcdai  f>f  tlie   S<K-uty,  whnh  h.id  just  tH-m  re- 
Cfi\e<i  from  the  French  Mnit  and  d"Iy  rn(fra\rd  with  the  n-irnr  nf  F'ro 
f(ss<.r  ().  HvtKiTNi),  onr  mctlaHst  for  the  cnrrtnt  >rar 

Adjourned 

D    S     Ri'  If  \»f'-ox. 

Secretiiry 
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NOTICE 


Article  VIII  of  the  By-Laws  of  the  Society,  as  amended  in  1903,  reads  as 
follows:  "Each  active  member  shall  pay,  as  annual  dues,  the  sum  of  five  doUarv 
due  on  the  first  day  of  January  each  year  in  advance.  When  a  new  member  is 
elected  during  the  first  quarter  of  any  year,  he  shall  pay  full  dues  for  such  year; 
when  elected  during  the  second  quarter,  he  shall  pay  three  fourths  only  of  such 
dues;  when  elected  during  the  third  quarter,  he  snail  pay  one  half  only  of  such 
dues;  when  elected  during  the  last  quarter,  be  shall  pay  one  fourth  only  of  such 
dues;  provided,  however,  that  one  half  only  of  the  dues  in  this  article  provided 
for  shall  be  collected  from  any  member  who  is  actually  enrolled  as  a  student  at  a 
university,  seminary,  high  school,  or  other  similar  institution  of  learning,  during 
such  time  as  he  is  so  enrolled.  .  .  .  Any  member  may  be  released  from  annual 
dues  by  the  payment  of  fifty  dollars  at  any  one  time,  and  placed  on  the  roll  of 
life  members  by  the  vote  of  the  Board  of  Directors.   .    .    .*' 

Volumes  for  past  years  will  be  supplied  to  members,  so  far  as  the  stock  on  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries. 
Single  copies  will  be  supplied  on  the  following  basis:  one  dollar  to  non-members, 
seventy-five  cents  to  dealers,  and  fifty  cents  to  members. 

Members  within  the  United  States  may  obtain  books  from  the  library  of  the 
Society  by  sending  to  the  Secretary  ten  cents  postage  for  each  book  desired. 

The  order  in  which  papers  are  printed  in  the  Publications  is  decided  simply  by 
convenience.  In  general,  those  papers  are  printed  first  which  are  earliest  accepted 
for  publication.  Papers  intended  to  be  printed  in  a  given  number  of  the  Publica- 
tions should  be  in  the  hands  of  the  Committee  not  later  than  the  20th  of  the  month 
preceding  the  month  of  publication.  The  responsibility  for  the  views  expressed  in 
the  papers  printed,  and  for  the  form  of  their  expression,  rests  with  the  writers,  and 
is  not  assumed  by  the  Society.  Articles  for  the  Publications  should  be  sent  to  the 
chairman  of  the  Committee  on  Publication,  R.  G.  Aitken,  Lick  Observatory,  Ml 
Hamilton,  California. 

Reprints  of  the  longer  articles  appearing  in  the  Publications  will  be  furnished 
free  of  cost,  without  covers,  to  the  number  of  fifty  copies,  provided  the  reouest  for 
such  reprints  is  made  at  the  time  the  manuscript  is  submitted.  Binding  in  paper 
covers,  or  copies  in  excess  of  fifty,  will  be  furnished  at  cost  price. 

Regular  meetings  of  the  Society  are  held  in  San  Francisco  or  vicinity  on  the 
last  Saturdays  of  January,  March,  June,  and  November,  and  at  the  Lick  Observa- 
tory on  the  last  Saturday  of  August.  Members  who  propose  to  attend  a  meeting  at 
Mount  Hamilton  should  communicate  with  the  Secretary-Treasurer,  in  order  that 
arrangements  may  be  made  for  transportation. 


PUBLICATIONS    ISSUED    BI-MONTHLY. 
(February,  April,  June,  August,  October,  December.) 
^  Published  by  the   Astronomical   Society  of  the  Pacific  at   752   Phelan    Building, 
San  Francisco,  California.     Subscription  price,  $5.00  per  year. 
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absorption  or  a  scattering  of  the  light  by  small  particles  which 
would  make  its  appearance  as  a  selective  absorption  stronger 
for  the  blue  than  for  the  red  rays. 

At  present  we  have  no -means  of  distinguishing  as  to  which 
of  these  two  media  an  absorption  of  light  in  space  should  be 
ascribed.  It  appears  more  probable,  however,  that  it  would 
be  due  to  matter  in  some  form  in  space  rather  than  to  the 
ether.  In  the  present  discussion  we  shall  confine  our  attention 
to  the  question  whether  light  suffers  appreciable  extinction  in 
space  apart  from  considerations  of  the  medium  by  which  i. 
may  be  produced. 

It  is  a  well-known  fact  that  a  comparison  of  the  number  of 
stars  of  the  successive  orders  of  magnitude  shows  that  the 
number  corresponding  to  a  given  magnitude  is  approximately 
three  times  that  belonging  to  the  next  brighter  magnitude. 
Evidently  this  ratio  of  increase  in  number  by  magnitude  cannot 
hold  down  to  the  very  faint  stars,  for  if  it  did,  the  sky  wouM 
be  a  blaze  of  light.  From  a  very  careful  enumeration  of  the 
number  of  stars  by  Pickkrixc;'  it  is  seen  that  this  ratio 
decreases  from  3.3  for  the  third  to  second-magnitude  stars, 
to  about  2.1  for  that  of  thirteenth  to  twelfth  magnitudes.  That 
this  decline  in  the  rate  of  increase  of  the  faint  stars  is  due  to 
the  extinction  of  light  of  the  fainter  stars,  which  are  <>n  the 
average  presumably  the  more  distant,  has  been  inferred  by 
some. 

A  similar  conclusion  has  been  drawn  by  Comst(K'K-  from  his 
discussion  of  the  mean  parallax  of  stars  of  different  magnitudes. 
On  the  hyi)othesis  that  the  faint  stars  are  of  equal  intrinsic 
brilliancy  with  the  brighter  ones,  it  follows  from  the  kn(^wn 
light  ratio  that  a  decrease  of  ^\t  magnitudes  would  corres|x)nd 
to  a  tenfold  increase  in  distance.  Taking  the  mean  parallax 
of  stars  of  magnitude  5.5,  found  by  K.vptevx,  as  tt  =  o".oi  58, 
the  mean  parallax  corresponding  to  magnitude  10.5.  for  ex- 
ample, should  be  TT  =  o".ooi6.  The  value  of  the  mean  par- 
allax for  stars  of  magnitude  10.5  found  by  Com  stock  is 
IT  =  o".oo45,  almost  three  times  that  indicated  by  theory.  He 
finds,  however,  that  a  good  agreement  between  his  determined 
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mean  parallaxes  for  different  niagnitiules  and  the  conipnted 
values  is  j^iven,  when  he  introduces  in  his  formula  an  absorp- 
ti«»n  ox-fficient  a  — 0.18  maj^itude.  This  coefficient  of  ab- 
sorption a  represents,  in  maj^nitude,  the  loss  in  brightness  of  a 
star  when  its  light  traverses  the  unit  of  distance  of  32.6  light 
Nt-ars.  corresix)nding  to  a  parallax  ir  =  o".i. 

It  must  be  remembered  that  the  inferences  of  an  extinction 
*'l  li^ht  in  sfKice  drawn  above,  from  the  numlKr  of  stars  of  dif- 
ferent magnitudes  or  from  their  mean  parallax,  are  based 
i!n]>licitly  xx\iox\  either  of  two  assumptions:  (i)  That  all  of 
the  stars  are  eijually  bright,  or  (2)  that  they  are  e<iually  dis- 
tributed in  space.  The  first  of  these  is  demonstrably  false; 
the  MX'«)nd  is  probably  not  tnie. 

KvriKVN'  has  derived  the  expression  for  the  theoretical 
numl>er  of  stars  of  a  given  magnitude  and  the  value  of  their 
mean  |)arallax,  without  intrmlucing  either  of  the  above  as- 
Numi)tii>ns.  From  considerations  of  the  pro[>er  motions  of  a 
large  numl>er  of  stars,  together  with  other  data,  he  has  arrive<l 
at  provi*»ional  values  for  the  star  density  and  magnitude  curve 
«»n  the  tacit  assumption  that  space  is  [x^rfectly  transparent. 
The  numl)er  of  stars  of  different  magnitudes  computed  in  this 
way  is  in  g«xxl  agreement  with  the  number  observed  by 
IM<  KKRiN<;  for  each  magnitude.  Likewise,  the  mean  parallaxes 
cnrresjxmding  to  different  magnitu<les  deduced  from  his  fonn- 
ula  aijree  fully  as  well  with  the  observed  values  as  those  c«Mn- 
putecl  by  the  formula  of  Comstck  k  on  the  assumption  of  an 
extinction  of  light  in  space.  He  d<Ks  not  conclude,  however, 
that  the  above  results  show  that  there  is  no  extinction  of  lii^ht. 
<  Hi  the  contrary-  he  considers  that  they  may  Ix.*  consistent  with 
a  small  amount  of  absorption  in  space. 

V\^m  what  appears  to  be  a  reasonable  hy|>othesis, — namely, 
that  the  intrinsically  faint  and  bright  stars  are  mixed  in  the 
same  projKjrtion  at  all  distances  from  the  Sun. — he  c«>mputes 
the  star  <iensity  at  different  distances  from  us,  which  results 
from  the  assumption  of  different  values  of  the  c<K»fficient  of 
,ibNor])tion  a.  For  a  value  of  n  -^  o  the  star  density  decreases 
with    increasing   distance    from    the    Sun.    while    for   (71=0.18 
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(Comstock's  value)  it  increases  rapidly  as  we  proceed  out- 
ward from  the  Sun.  Either  value  of  a  assigns  to  the  Sun  a 
unique  position  in  space,  that  of  maximum  or  minimum  star 
density.  A  value  of  a  =  0.016  leads  to  practically  a  uniform 
distribution  of  the  stars  at  different  distances.  Kapteyn  rec- 
ognizes the  provisional  nature  of  the  data  from  which  this 
value  of  the  coefficient  of  absorption  is  deduced  and  does  not 
propose  it  for  acceptance.  He  merely  considers  that  there  is 
some  reason  to  believe  that  the  average  absorption  must  be  of 
this  order  of  magnitude. 

If  it  can  be  shown  that  light  waves  of  different  frequencies 
travel  with  different  velocities  in  interstellar  space,  we  may  at 
once  infer  that  the  medium  in  which  this  dispersion  takes 
place  will  also  produce  absorption  of  the  energy  of  these  waves. 

An  attempt  to  detect  the  existence  of  dispersion  of  light  in 
space  has  been  made  by  two  observers,  Nordmann*  and 
TiKHOFF,^  from  observations  of  eclipsing  variables.  If  the 
blue  rays  travel  with  a  smaller  velocity  than  the  red  ones,  the 
time  of  minimum  of  an  Algol  variable  determined  from  photo- 
metric observations  in  its  blue  light,  should  occur  later  than 
the  minimum  determined  from  like  observations  in  its  red 
light.  It  is  evident  that  the  determination  of  this  time  interval 
for  an  eclipsing  variable  whose  distance  from  us  is  kno^^Ti 
would  afford  a  method  of  determining  the  distances  of  other 
variable  stars  of  this  class,  from  observations  of  their  time 
intervals  between  red  and  blue  minima.  Nordmann's  method 
consisted  in  photometric  observations  of  the  variable  made 
visually  in  succession  thru  three  colored  screens,  each 
transmitting  only  one  third  of  the  visible  spectrum — red, 
green  and  blue.  For  Algol  he  finds  that  the  minimum  when 
observed  in  blue  light  of  wave-length  4300  A  occurs  about 
sixteen  minutes  later  than  when  it  is  observed  ift  red  light  of 
wave-length  6800  A.  The  time  interval  between  the  blue  and 
red  minimum  for  A  Tauri  is  about  three  times  as  great  as  that 
for  Algol. 

Tikoff's  observations  were  made  photographically,  using 
colored  gelatine  filters  for  isolating  the  different  regions  of  the 
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spectrum.  He  found  for  KT  Persei  that  the  miniitium  ob- 
served in  light  of  wave-length  4300  A  occurred  four  minutes 
later  than  that  observed  in  light  of  wave-length  5600  A.  The 
retardation  of  the  minimum  for  rays  3800  A  with  respect  to 
that  for  orange  light  6250  A  was  found  to  be  about  ten  min- 
utes for  VV  Ursa  Majoris,  a  star  showing  continuous  varia- 
tion in  light. 

In  the  methods  of  Nordmann  and  Tikoff  it  is  a  question 
of  observing  the  velocities  of  groups  of  waves  and  not  those 
of  individual  waves.  If  the  observed  retardation  of  the  blue 
with  respect  to  the  red  rays  be  assumed  to  be  due  to  dispersion 
of  light  in  space,  the  observed  retardation  of  the  groups  of 
waves  must  be  divided  by  three  in  order  to  obtain  the  dis- 
persion of  this  medium  in  the  ordinary  sense — that  is,  the 
dispersion  of  individual  waves.  In  order  to  arrive  at  at\  idea 
of  the  amount  of  dispersion  in  space  Nordmann  accepts  a 
value  of  the  parallax  of  Algol  corresponding  to  a  distance 
of  sixty  light  years,  while  Tikoff  assumes  that  the  distance  of 
KT  Persci  is  740  light  years. 

Lebedew^  calls  attention  to  the  fact  that  the  results  for 
space  dispersion  obtained  by  these  two  observers  differ  more 
than  30  to  I  and  concludes  *'that  a  method  which  yields  such 
widely  different  results  for  the  same  constant  cannot  be  any- 
thing else  than  incorrect  and  therefore  wholly  inapplicable.** 
He  further  points  out  that  thru  a  medium  producing  an  amount 
of  dispersion  found  by  Nordmann  and  Tikoff,  no  appre- 
ciable part  of  the  light  of  the  stars  or  even  of  the  Sun,  could 
reach  the  Earth.  His  objections  to  ether  dispersion  on  the 
ground  of  the  electro-magnetic  theory  are  not  well  taken,  for 
reasons  stated  earlier  in  this  paper.  It  would  appear  that  the 
discrepancy  between  the  results  obtained  for  space  dispersion 
may,  at  least  in  part,  be  due  to  the  very  doubtful  values  of 
the  parallaxes  assumed  for  Algol  and  RT  Pcrsei.  The  method 
of  monochromatic  photometry,  especially  that  used  by  Xord- 
MANN,  would  seem  to  be  adequate  for  detecting  a  time  lag  in 
the  minima  of  Algol  variables  of  the  order  found  by  these 
observers.    It  appears  probable  that  the  above  results  obuined 
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for  eclipsing  variables  are  not  to  be  explained  by  a  dispersion 
of  light  in  space,  but  are  to  be  attributed  rather  to  the  peculiar 
physical  properties  of  these  stars. 

TiKOFF  has  brought  forward  another  result  as  evidence  of 
space  dispersion,  which  is  based  upon  data  obtained  by  Belo 
POLSKV  and  himself  for  the  spectroscopic  binary  p  Auriga^. 
The  spectra  of  both  components  are  visible  upon  spectrograms 
of  this  star.  From  measures  of  plates  secured  in  two  regions 
of  the  spectrum — the  blue  (4420  to  4620  A)  and  the  violet 
(3930  to  4100  A) — the  epochs  of  coincidence  of  the  lines  of 
the  two  spectra  were  computed.  He  found  that  this  epoch 
deduced  from  the  spectrograms  taken  in  the  violet  is  delayed 
0.015  days  with  reference  to  that  obtained  from  the  spectro- 
grams secured  in  the  blue  region.  An  inspection  of  the  data 
upon  which  this  result  is  based  shows,  however,  that  little  or 
no  weight  is  to  be  attached  to  this  observation. 

From  our  knowledge  of  the  phenomena  of  light  in  media 
with  which  we  are  familiar  w^e  should  be  led  to  infer  that  an 
absorption  of  light  by  a  medium  in  interstellar  space  would  be 
selective  in  that  the  blue  rays  would  be  affected  more  strongly 
than  the  red  ones.  As  a  result  of  space  absorption  of  this 
nafure  it  would  follow  that  the  more  distant  stars  should 
appear  redder  than  those  nearer  to  us.  Several  methods  of 
attacking  this  problem  have  been  proposed,  and  it  would  appear 
that  in  some  of  these  we  have  promise  of  finally  obtaining  an 
answer  to  the  very  diflFicult  question  w^hether  light  suffers 
absorption  in  space. 

Xow^  it  is  well  known  that  the  degree  of  redness  of  stars 
de])ends  upon  their  type  of  spectrum ;  that  is,  upon  the  physical 
constitution  of  the  atmosphere  of  these  stars.  In  comparing 
the  redness  of  stars  at  different  distances  it  is  essential,  then, 
that  the  stars  observed  be  of  exactly  the  same  spectral  type. 

Kapteyn*  has  called  attention  to  the  fact  that  in  the  classi- 
fication of  stellar  spectra  Miss  Maury  has  divided  those  of 
Class  X\'a  into  two  groups,  of  which  the  spectrum  of  a  Bootis 
is  characteristic  of  one  division  and  that  of  a  Cassiopeia*  of 
the  other.     The  spectra  of  stars  of  the  a  Bootis  division  show 
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^lij^iit  i2:eneral  absorption  in  the  violet,  while  for  those  of  the 
aCiissiof*cia'  jjrmip  the  al>sorption  in  the  violet  is  more  con- 
-p!cii"Us  and  to  the  violet  of  3889  A  their  spectra  are  suddenly 
cm  t^tJ.  We  appear  to  have  here  stars  of  the  same  spectral 
tNiH*  which  differ  only  in  the  amount  of  the  absorption  of 
thtir  violet  rays.  If  this  diflference  be  due  to  selective  space 
ahvorption.  we  should  expect  to  find  the  stars  of  the  aCassi- 
./♦f/u   uroup  to  he  the  more  distant. 

i>i»ni  a  discussion  of  the  available  proper  motions  of  the 
twtiity-five  stars  of  the  a  Bootts  division  and  of  the  forty-five 
•  f  the  a  Cassio/*ci<r  ji^roup,  Kaptkvn  finds: — 


a  Casswptia 

a  Rootis 

division. 

division. 

'       58% 

20% 

0% 

48% 

\  nnUr  of  stars*  of  centennial  proper  motion  <  lo' 
N"!nU'r  t>f  stars  of  centennial  proper  motion  >  50' 

<  >n  the  assumption  that  the  stars  having  small  proper- 
"'••ti«»n^  are  on  the  averaj^e  more  distant  than  those  with  largt 
pr'»iK:r-niotions,  the  above  evidence  would  |X)int  to  the  con- 
c!u^i«»n  that  the  stars  of  the  aCassiol>ci(c  group  are  in  general 
nj«>rf  di-Htant  than  those  of  the  a  Bootis  division.  Evidence  is 
ihn^  afforded  by  the  stars  in  question  that  the  violet  portion 
of  their  spectrum  is  relatively  fainter  for  those  stars  which 
art-  the  more  <listant.  Inasmuch  as  the  average  apparent  mag- 
nitude (»f  the  stars  of  the  two  groups  is  about  the  same,  the 
'v.Miinosity  of  the  stars  of  the  more  distant  a  Cassiopeia  group 
vru^i  l)e  greater  than  that  of  the  a  Bootis  division.  Kaptevn 
:-'ini^  out  that  the  above  result  does  not  necessarily  indicate 
1  ^cltvitve  absorption  of  the  violet  light  in  space,  but  may  mean 
tli.it  lor  stars  of  the  same  spectral  ty|>e  the  light  of  the  more 
liiiriuous  objects  is  relatively  weaker  in  the  violet  part  of  the 
-l-^'ctnim. 

An  investigation  which  is  in  principle  the  same  as  the  one 
•list  citetl  is  being  conducted  by  Mr.  Adams'  with  a  one-prism 
sjKctro^^raph  attached  to  the  60-inch  reflector  at  Mount  Wilson. 
I  lis  iKcihcKl  consists  in  photographing  upon  the  same  plate 
the  s|K?ctra  of  two  stars  which  are  of  exactly  the  same  s|K*ctral 
ty]H-.  one  of  which  is  known  to  l>e  near  to  us  an<l  the  other, 
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from  its  small  proper-motion,  presumed  to  be  distant.  A  com 
parison  of  the  relative  intensities  of  the  two  spectra  at  5000  A 
and  4200  A  for  a  few  pairs  of  stars  showed  that  on  most  of 
the  plates  the  spectrum  of  the  star  presumed  to  be  the  more 
distant  was  relatively  weaker  in  the  violet  than  that  of  the 
star  of  large  proper-motion.  Some  pairs  showed  little  or  no 
difference,  but  in  no  case  was  the  spectrum  of  the  star  of  small 
proper-motion  stronger  in  the  violet.  More  recently*  he  has 
attempted  to  utilize  the  large  number  of  radial-velocity  spectro- 
grams secured  at  Mount  Wilson  for  the  same  purpose.  These 
were  compared  with  a  standard  plate  of  a  Tauri  on  the  spectro- 
comparator  and  estimates  of  their  relative  intensity  at  4549  A 
and  4220  A  were  made.  As  a  result  of  this  discussion  he  finds 
that:  (i)  The  violet  end  of  the  spectrum  of  stars  of  small 
proper-motions  is  decidedly  weaker  than  for  those  of  large 
proper  motions;  (2)  this  difference  is  less  for  Qass  F  stars 
and  increases  with  the  spectral  type  at  least  as  far  as  Class  K 
stars.  As  the  average  proper-motions  of  the  different  groups 
of  stars  of  Qasses  F  to  K  used  in  the  discussion  are  so  nearly 
the  same,  it  seems  probable  that  at  least  part  of  the  observed 
difference  in  the  absorption  of  the  violet  rays  is  due  to  physical 
differences  in  the  stellar  atmospheres. 

As  mentioned  above,  the  stars  assumed  to  be  more  distant 
in  making  these  comparisons  must  in  general  be  the  more 
luminous,  and  presumably  larger  than  those  considered  to  be 
near  us.  That  the  atmosphere  of  a  large  massive  star  would 
show  greater  selective  absorption  for  violet  light  than  that  of 
a  small  and  les.s  massive  one  seems  reasonable  from  physical 
considerations.  In  order  to  ascribe  the  observed  difference  in 
the  absorption  of  the  violet  rays  to  a  selective  absorption  in 
space  it  will  be  necessary  to  show  that  it  is  not  due  to  the 
cause  just  cited — that  is,  to  what  Kapteyn  calls  the  effect  of 
absolute  magnitude.  A  comparison  of  the  relative  intensities 
of  stars  of  the  same  spectral  type  which  are  known  to  be  at 
about  the  same  distance  from  us,  but  which  differ  greatly  in 
absolute  magnitude,  would  undoubtedly  throw  some  light  upon 
this  question.  The  components  of  some  visual  binaries  should 
satisfy  these  conditions. 


'Publ  A.  S.    p.,  26,  90,  1914. 
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An  effort  has  been  made  by  Kapteyn*  to  obtain  some  quan- 
titative determination  of  the  space  absorption  by  taking;,  as  a 
measure  of  the  degree  of  redness  of  the  stars,  the  difference 
between  the  photographic  and  visual  magnitudes,  and  as  a 
measure  of  average  distance  the  apparent  magnitudes  and 
proper  motions  of  these  stars.  The  discussion  is  based  upon 
1433  stars  whose  photographic  magnitudes  are  taken  from 
the  Draper  Catalog  and  the  visual  magnitudes  from  the  Har- 
vard Revision.     He  puts, — 

Photo.    Mag.  — Vis.    Mag.  =  <j  +  t  m  +  cA/  + rf  A. 

\%here  A  is  equal  to  unit  distance  of  32.6  light  years,  and 
m  and  .U  are  the  apparent  and  absolute  magnitudes,  respec- 
tively. The  constant  a  is  dependent  upon  the  class  of  spectrum. 
^  is  the  change  of  redness  per  unit  of  apparent  magnitude. 
I-  the  change  of  redness  per  unit  of  absolute  magnitude,  and  d 
the  increase  of  redness  per  unit  of  distance.  He  proceeds  then 
to  determine  the  values  of  these  constants  from  all  the  avail- 
able data. 

Some  difficulty  is  experienced  in  the  derivation  of  c  as  the 
<lata  arc  sufficient  to  give  only  a  good  determination  of 
d  —  0.25  c.  From  the  value  of  r.  which  he  finally  derives  on 
certain  a^^sumptions,  he  finds  that  d  —  0.0031  ±  0.0006  mag. 
Thi<;  value  of  d  would  correspond  to  a  loss  of  light  for  a  dis- 
tance of  32.6  light  years,  for  the  visual  rays  of  0.0028  mag- 
nitude and  for  the  blue  rays  of  0.0057  magnitude.  He  finds, 
moreover,  that  there  is  no  evidence  of  a  difference  of  absorption 
\r\  different  directions  in  space. 

Mr.  King*  has  applied  the  same  method  to  a  discussion  of 
h\<  photometric  observations  for  twenty-six  stars.  The  con- 
stant a  was  eliminated  by  using  the  deviations  of  the  difference 
photo. mag  —  visual  mag.  for  each  star  from  the  mean  of  its 
class  of  s|)ectrum.  To  eliminate  b  a  grouping  of  the  deviations 
for  150  stars  was  made  with  respect  to  the  magnitude,  and 
the  small  corrections  thus  obtained  were  applied  to  the  devia- 
tions *>f  the  twenty-six  stars.  He  finds  d  =  o.oiQ  r^  o.oio  mag- 
nitude, indicating  a  loss  of  0.0377  magnitude  for  the  photo- 

'    Itft    Jomr.    t».   244.    1909. 

^  li    C.  O.  .4mmah.  ».   179.  191  '. 
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graphic  rays,  and  0.0184  magnitude  for  the  visual  rays,  while 
traversing  the  distance  of  32.6  light  years.  More  recently^ 
he  has  combined  the  results  for  the  above  twenty-six  stars 
and  those  for  twenty-two  additional  ones.  By  selecting  from 
these  the  twenty-five  stars  whose  parallaxes  are  based  upon 
the  work  of  two  observers,  he  obtains  d  =^  0.0189  =h  0.0065 
magnitude,  a  value  which  is  practically  identical  with  that  pre- 
viously found.  The  value  of  the  loss  of  light  per  unit  distance 
found  by  him  is  more  than  six  times  that  derived  by  Kapteyx 
from  his  similar  discussion.  It  is  of  interest  to  note  that  his 
value  for  the  loss  in  the  visual  rays,  of  0.018  magnitude,  is  in 
good  agreement  with  that  which  Kaptevn  regards  as  a  prob- 
able value  from  his  discussion  of  the  distribution  of  the  stars 
referred  to  above — namely,  0.016  magnitude. 

The  evidence  that  the  faint  stars  are  appreciably  redder  than 
the  bright  ones  is  accumulating  from  photometric  and  spectro- 
scopic observations.  One  of  the  mo.st  recent  contributions  is 
that  of  Hertzsprung.^  He  has  photographed  numerous  regions 
with  a  large  grating  attached  to  the  tube  of  the  60-inch  reflector 
at  Mount  Wilson  for  the  purpose  of  determining  the  eflfective 
wave-lengths  of  the  light  of  the  faint  stars.  On  his  plates  of 
the  field  containing  the  cluster  N.  G.  C.  1647  ^^  fi"^s  that  from 
the  ninth  magnitude  on  there  is  a  gradual  increase  in  the 
eflfective  wave-length,  indicating  that  the  fainter  stars  are 
redder  than  the  brighter  ones. 

To  sum  up  the  results  to  which  we  have  referred  concerning 
the  degree  of  redness  of  the  stars,  existing  evidence  strongly 
indicates  the  reality  of  the  two  following  phenomena : — 

( 1 )  Apparent  magnitudes  and  spectral  lines  being  the  same, 
the  stars  are  redder  the  more  distant  they  are  from  us. 

(2)  On  the  average,  the  fainter  stars  are  redder  than  the 
brighter  ones. 

Whether  or  not  the  explanation  of  these  phenomena  be 
selective  absorption  of  the  violet  rays,  it  is  impossible  to 
say  from  our  present  knowledge,  altho  it  seems  probable 
that  abson>tion  of  light  in  space  may  play  at  least  some  part  in 


^  H.  C.  O.  Annals,  76,  1. 

'Annual   Report  of  the   Director  of  the   Mount  Wilson  Solar  Observatory.   Year 
Book  of  the  Carnegie  Institution,  No.    12. 
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their     pnHluction.       Whatever   their   explanation,    these    two 
phenomena    are  of  the  greatest  importance. 

An  attempt  has  been  made  to  throw  some  light  U|K)n  the 
(question  of  the  existence  of  space  absorption  from  still  another 
jK>int  of  attack,  by  Mr.  F".  G.  Brown.*  His  method  consists  in 
cofii|jaring  the  average  brightness  of  the  nebulae  of  diflferent 
<!iameters,  on  the  assumption  that  on  the  average  the  objects 
with  a  small  apparent  diameter  must  be  more  distant  than 
the  larger  objects.  If  there  were  no  absorption  of  light  in 
*^pace  the  intrinsic  brightness  of  a  nebula  would  be  the  same 
w  hatever  is  its  distance  from  us.  If  the  light  is  partly  absorbed, 
the  average  brightness  of  the  smaller  objects  would  be  less 
than  that  of  the  larger  ones.  The  data  upon  which  he  bases 
hi^  discussion  is  derived  from  the  descriptions  contained  in 
the  .\>4i«  General  Catalogue.  It  must  be  said  that  even  with 
the  ver>'  unreliable  data  which  he  had  at  hand,  the  results  show 
a  marked  decrease  in  average  brightness  of  the  nebulae  with 
<!ccreasing  diameter.  It  would  seem  that  the  method  would 
be  capable  of  yielding  results  of  importance  if  reliable  photo- 
metric and  micrometric  measures  of  a  large  number  of  nebulae 
were  available. 

In  reviewing  the  evidence  which  has  been  deduced  in  favor 
of  an  absorption  of  light  in  interstellar  space,  it  appears  that 
the  individual  results  obtained  by  any  one  of  the  above  methods, 
while  they  may  be  explained  on  the  assumption  of  a  small 
amount  of  space  absorption,  do  not  point  conclusively  to  this 
a*  tfie  true  explanation.  However,  the  fact  that  we  have  l>een 
\ci\  to  the  same  indication  of  an  absorption  of  light  in  space  by 
veveral  different  methmls  based  on  different  assumptions  lends 
N4tnic  probability  to  it'i  existence. 

•  J/.  «/)Wv    V-Wufi  H,  A.    S.,  73.   195  an*I   718. 
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THE  GALACTIC  STAR  CATALOG  AND  TABLES 
PROPOSED  BY  INNES. 


By  G.  F.  Paddock. 


CATALOG    AND    FORMULA. 

The  essential  principle  for  a  permanent  star  catalog  must  be 
a  system  of  invariable  co-ordinates.  The  equatorial  co-ordinates 
which  have  always  been  used  are  continually  changing  because 
of  precession  of  the  equinox.  A  natural  system  would-be  one 
related  to  the  natural  features  of  the  stellar  system.  Mr. 
Innes  proposes  for  the  fundamental  plane  the  one  suggested 
by  the  peculiar  configuration  of  the  stars,  the  Milky  Way, 
and  for  the  zero  point  of  longitude,  the  longitude  of  the  apex 
of  the  Sun's  motion.  He  has  presented  in  the  South  African 
Union  Observatory  Circulars^  the  reasons  for,  and  advantages 
of,  the  galactic  system  of  star  places,  with  the  necessary  reduc- 
tion formulae  and  tables  and  examples  of  their  use.  Since  the 
reference  system  for  the  stars  is  a  matter  of  essential  importance 
in  the  practical  use  of  star  catalogs  and  the  study  of  the  stellar 
universe,  a  concise  synopsis  of  the  formulae,  an  illustration  of 
the  proposed  catalog  in  galactic  co-ordinates,  and  a  brief  dis- 
cussion of  the  theme  is  here  presented.  Illustrations  of  the 
tables  and  computations  cannot  be  conveniently  included  here, 
but  may  be  found  in  Mr.  Innes's  papers. 

A  star  catalog  in  galactic  co-ordinates  would  contain  in  suc- 
cessive columns  the  starts  name  or  desigfnation,  magnitude, 
spectrum,  galactic  longitude  (A),  centennial  proper-motion  in 
longitude,  galactic  latitude  {p),  centennial  proper-motion  in 
latitude,  right  ascension  (a)  plus  centennial  precession,  dec- 
lination (S)  plus  centennial  precession,  and  finally  the  authority 
for  the  given  co-ordinates.  A  short  catalog  is  given  below  for 
illustration.  The  values  of  A  and  p  are  given  with  full  accu- 
racy, but  a  and  S  are  given  only  to  tenths  of  a  minute  of  time 
for  a  and  to  the  minute  of  arc  for  S.  These  approximate  o's 
and  S's  are  sufficient  for  use  at  the  telescope  and  by  means  of 
the  adjoined  values  of  precession  they  suffice  for  identifications 
at  different  epochs. 


»  Numbers  2.  5.  6.  9.  10;  1912.  1913. 
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The  formula  for  the  conversion  of  obser\'e(l  right  ascensions 
and  declinations  into  galactic  longitudes  and  latitudes  for  the 
catalog  are: — 

ctiN  0  CON  ( X  -}-  £))  =  cos  *  cos  (a  —  Qt) 

CON  0  ^in  {\  ^  D)  z=i  cos  3  sin  ( «  —  6'*  )  coi» «  -f-  sin  *  .sin  « 

Nin/i  = — cos*  sin  («  —  Q,)  sin  « -f  sin* cos  « 

in  which 

ec  =  right  ascension  of  the  ascending  node  of  the  galactic  plane, 

I  =:  inchnation  of  the  galactic  plane  to  the  equator, 
/>  —  angle  between  node  and  zero  point  of  longitude. 

The  zcn)  |X)int  of  longitude  is  assumed  to  be  at  the  meridian  of 
longitude  |>assing  thru  the  solar  apex.  For  finding  a  and  h 
from  the  catalog  place,  the  formula  are: — 

ct »s  *  ct>5  ( «  —  iTd  )  =  cos  ft  cos  ( X  -f.  £)) 

coi  *  sin  («  —  66  )  =  cos  ^  sin  ( X  -4-  /;> )  cos  i  —  sin  ^  sin  « 

sin  3  =co>^  sin  (X -f /))  sin*-f- sin/5cos  « 

Die  solutitm  of  these  formulae  may  be  performed  by  means  of 
auxiliar)'  angles,  as  shown  in  text-books  on  practical  and 
spherical  astronomy,  or  more  conveniently  and  precisely  by 
direct  computation  with  the  help  of  Zech's  addition  and  sub- 
traction logarithms.  To  obtain  quickly  from  A  and  fi  the  ap- 
pnjximate  a  and  h  for  use  at  the  telescope,  a  table  may  be 
ft)mied  in  which  precession  factors  are  given  similarly,  as 
shown  t)elow  in  the  catalog.  It  may  not  be  a  convenient  form 
for  the  reverse  operation,  and  a  reverse  table  would  l>e  of 
use  f<»r  only  a  few  years.  However,  rapid  computation  of  A 
and  fi  from  a  and  h  may  be  effected  with  the  help  of  a  table  in 
connection  with  the  following  formulae,  which  connect  the 
co-ordinates  o,  S,  A,  fi  of  the  star  with  those,  a,  h^X..  P  =  o,  of 
the  jKjint  of  intersection  of  the  star's  declination  arc  with  the 
galactic  plane: — 

Mn  If,  =  cos  ( a  —  ^l)  sin  « 

tan  (X,-*.  /))  =:tan  (a —  T^)  sec* 

tan  *•  =  -iin  <  o  —  b".  )  tan  « 

tan  «i  —  sin  n*  tan  ( *  —  *•) 

tan  i»  =  tan  i»«  sec  {9  —  «.) 

tan^=co*.i|tan  (*  —  «•) 

sin  fi  =  cos  i|«  sin  ( *  —  *• ) 

X  —  X,  -^  a,  -^  a  -t-  o,  -4-  a. 
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in  which 


17  =  parallactic  angle  at  the  star  with  respect  to  the  north 

pole  and  galactic  pole, 
Vn  =  parallactic  angle  at  X«,  /3  =  o,  with  respect  to  the  north 

pole  and  galactic  pole, 
oj  =:  arc   of    longitude   between   the    star's   declination   arc 

and  latitude  arc, 
a,  =  X,  —  a, 

where  the 

quadrant  of  a,  is  same  as  that  of  (3  —  3,)  when  ly.  is  -(-. 
quadrant  of  o,  is  same  as  that  of  — (^  —  3«)  when  ly.  is  — , 
quadrant  of  i?  is  first  or  fourth  according  to  sign,  -f-  or  — , 
of  tan  i/o  sec  (3  —  d,). 

If  now  i;o,  Ao,  and  So  are  tabulated  with  right  ascension  as 
argument,  then  A  and  fi  are  found  by  a  very  short  calculation. 
Mr.  Inxes  has  constructed  a  12-hour  table  giving  to  four 
places  of  logarithms  and  tenths  of  a  minute  of  arc,  the  values 
of  log  sin  i/o,  log  tan  i/o,  K^  a,,  for  each  hour  and  minute  of 
right  ascension  for  the  mean  equinox  of  1900.  If  a  exceeds 
12  hours,  the  table  may  be  used  with  a —  12^.  finally  adding 
180"^  to  A  and  changing  the  signs  of  1;  and  p.  The  resulting 
A  and  p  are  found  to  the  nearest  minute  of  arc  which  is  suf- 
ficient for  many  uses  of  galactic  co-ordinates. 

The  determination  of  the  elements  of  the  galactic  plane  for 
any  epoch  takes  the  place  of  the  work  of  reducing  equatorial 
co-ordinates  of  different  epochs  to  the  same  epoch,  and  must 
precede  the  conversion  of  co-ordinates  to  and  from  galactic 
co-ordinates.  The  elements  are  Q.  i,  Z>,  which  are  defined 
above.  Taking  as  the  fundamental  galactic  plane  that  de- 
termined by  \ewcomb  for  igoo  and  as  the  place  of  the  solar 
apex  that  adopted  by  Campbell  (assumed  to  be  for  lOOoV 
we  have  for  the — 

Galactic  pole,  arrigi**.!,  5  = -f- 26**.8, 


and  for  the 
Whence 


Sun's  apex,  a  =r  270**,  ^  =  -f  30*. 

1900  Q  =  281**  6'  0^00 
1900 1  =  63  12  o  .00 
1900  D    =    23    35  27  .26 
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i  rotn  Nkwcomb's  value  of  the  precession  of  the  equinox,  etc.. 
.  c.  />,  may  be  found  for  the  epochs  and,  by  interpolation, 
f«.r  the  Ix-^inning  of  any  year  from  the  formulae: — 

.-  =  281'   6'    o'.oo  -f  4413"  57  T  —  6^88  r  -f  o".i86  V 

i  -  63  12   o  .00  -h  1967 .18  r  —  4  .56  r  —  o  .145  T^ 
/'     -fj  35  -?7  --2^  -r  432 .40  r  +  22 .46  r"  —  o  .128  V 

in  \\hio!i  T  —  solar  centuries  from  1900.  Mr.  Innks  has 
tabulated  these  values  for  five-year  intervals  from  1750  to  1950 
a!  d  for  ever>'  year  from  uyoo  to  1925. 

V  itMi-day  e|)hemens  of^i,  i.  D  for  any  year  may  be  con- 
Ntniotcd  l)y  means  of  the  fomiula*: — 

itx—    h6   f  ^— ^cos  (G-t- Q)  cot* 

h  =    «  —  i:  sin  ( (i  -h  ili ) 

Dx  —    />         -^  g  cos  ( G  -f-  Q  )  coscc  « 

in  which  /,  ^t;.  (i  are  star-numbers  given  in  the  Nautical  Alma- 
nacN,  Irom  this  ephemeris  6^,,  i,,  /^,,  may  be  taken  for  any 
<la>  «>f  the  year  and  with  &« ,.  «i»  Z),,  the  apparent  place  in  right 
a'-cciisjon  and  declination  may  be  derived  by  a  single  computa- 
t:'»ii  Thus  is  eliminated  the  reduction  to  apparent  place  which 
iv  Usual  in  e<|uatorial  co-ordinates.  Mr.  Innks  has  constructed 
an  cphomcris  for  i<>i3  and  1914,  which  gives,  for  greater  con- 
vcuuMice.  the  values  of  log  sin  i  and  log  cos  i  in  place  of  i. 

A  ien-<Iay  ephemeris  of  aberration  factors  for  the  aberrational 
<li^]»laceuients  in  longitude  and  latitu<le  may  be  constnicted 
fr««-n  the  following  fonnul*c : — 

,'^,^2(^'  ^U'  28".-?/  -  505i"'-4Qr  -h  r.157^ 
^  =  61     10   5^  »3  4-        3  H4  r  +  o  .21  7"» 
D,  =  50      34^  04  —      53  65  r  —  o  .01  V 
/i  sin  ir  =  —  K  cos  h  cos  (0  —  til) 
h  cos  \V  =  —  K  sin  (  Q  —  ^-;> 

—  I  —  —  K  sin  «,  cov  (  O  —  T-j) 

AX  -_h  viii  (  U  -1^  X)  sec;* 

S'ti  -  h  cos  (  H  -^  X  )  sin  /J  -f-  /  cos  $ 


in  which 


K  —  constant  of  aberration 

0  r=  Sun's  longitude 

AX  ^ralKTrational  displacement  in  longitude 
A/5  -:  aU-rrational  displacement  in  latitude 
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while  ^2* 


Dj  are  the  elements  of  the  galactic  plane  with 


respect  to  the  ecliptic,  and  h,  H,  i,  are  numbers  which  may  be 
tabulated  like  Bessel*s  star-numbers.  Mr.  Innes  has  named 
the  quantities  h,  H,  log  »,  Q,  D,  log  sin  i,  log  cos  4  (omitting 
the  subscript),  galactic  day-numbers,  and  gives  a  table  of  them 
for  1913  and  1914. 

A  ten-day  ephemeris  of  the  right  ascension  and  declinations 
of  any  star  may  be  constructed  by  the  following  differential 
method,  which  avoids  the  repeated  seven-figure  calculation 
of  conversion  for  each  date.  The  method  requires  the  right 
ascension  and  declination  of  the  star  for  a  single  date  within 
the  interval  of  the  ephemeris  and  computed  with  the  corre- 
sponding values  of  A,  py  D,  Q,  i.  This  is  most  conveniently 
taken  at  the  middle  point  of  the  interval ;  for  instance.  June 
30th  for  a  year's  ephemeris.  The  differences  Ao  and  AS  foi 
each  tenth  day  of  the  year  are  then  computed  by  the  followir  i: 
formulae : — 


Aa  =  cC-f  rfD  +  ^E  +  F 
A«=c'C-f  rf'D-f  ^'E 


a  =  cos  ( X  -|-  Dz)  sec  /3 
6  =  sin  (X-fDa)  sec/S 
c  =  cos  "n  cos  /3  sec  /3 
rf  =  —  sin  i;  sec  * 
e  =  —  tan  3  sec  ( «  —  ^ ) 

A  =  —  f 0.9942]  cos  (  O—  Q2) 
B=— fi.3iH]  sin  {Qj—Q>2) 

AX  =  (j  A-f  6B 

A/3  =  a'A-f /7'B 


a'  =  —  sin  (X  -f  D^)  sin  ft  —  tan 

b*  =  cos  (X4-Z:),)  sinjS 

c  =  sin  17  cos  ft 

d'  =  cos  17 

/  =  sin  (a— ^) 


,.,i 


C  =  AX  + AD-f 


D  =  A/3-f 
E  =  A» 


f^\ 


^ft 


in  which  a.  a\  b,  b\  c,  c' ,  d,  d',  r,  c'  are  star-numbers  in  the 
galactic  system,  and  log  A,  log  p,  AD,  E,  F  are  day-numbers, 
which  may  be  tabulated  in  a  ten-day  ephemeris  and  given  in 
the  astronomical  almanacs,  ri  is  the  parallactic  angle  and  ft^ 
and  fiQ  are  the  proper  motions,  while  AA  and  Ap  are  as  before 
the  reductions  for  aberration.  Mr.  Ixxes  has  constructed  the 
ephemeris  of  day-numbers  for  1913  and  1914  and  an  ephemeris 
for  eOrioitis  for  1913. 
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DISCUSSION. 

The  natural  plane  for  the  stars  is  the  galactic  plane,  instead 
of  the  continually  shifting  Earth's  equator  and  equinox,  who^e 
motions  complicate  all  work  and  investigation  unnecessarily. 
The  work  of  conversion  of  co-ordinates  Mr.  Innes  shows  to  be 
comparatively  simple  and  not  much  different  from  that  of 
reducing  a  star-place  from  the  beginning  of  the  year  to  date, 
while  reduction  from  epoch  to  epoch  is  never  required  in 
the  galactic   system. 

The  advantages  of  galactic  catalogs  and  co-ordinates  are  con- 
cisely these:  Reductions  to  date  require  less  work  than  the 
present  system.  All  catalogs,  whatever  their  epoch,  will  be 
comparable,  since  differences  of  star-places  will  be  caused  only 
by  proper-motion.  Proper-motions  and  facts  of  stellar  distribu- 
tion and  drift  appear  directly  from  the  catalogs. 

Precise  equatorial  co-ordinates  will  always  be  required,  first, 
for  about  three  hundred  standard  stars  or  clock  and  funda- 
mentals stars  for  observations  of  Sun,  Moon,  and  planets,  etc. : 
second,  for  six  to  twelve  thousand  reference  stars  for  the  astro- 
graphic  charts,  equatorial  comparison  stars  for  comets,  etc.,  and 
latitude  variation.  The  remainder  of  the  seven  and  a  half  mil- 
lion star-places  which  will  ultimatdy  be  contained  in  the  astro- 
graphic  catalogs  will  never  be  required  in  equatorial  co- 
ordinates. The  unvarying  galactic  co-ordinates  are  conse- 
quently more  proper  and  advantageous  for  the  general  star 
catalogs. 

The  adoption  of  galactic  co-ordinates  will  facilitate  the  in- 
version of  the  present  method  of  determining  proper  motions. 
In  the  comparison  of  charts  of  different  epochs  the  original 
bright  stars  of  reference  will  not  be  fundamental,  but  instead, 
the  totality  of  faint  stars  whose  proper  motions  are  small. 
The  proper-motions  of  the  brighter  stars  will  be  detennined 
from  the  faint  stars  and  not  from  other  bright  stars.  The 
work  of  BuRNHAM.  B.XRNARi)  and  others  indicates  in  general 
the  almost  absolute  fixity  of  the  very  faint  stars. 

Permanent  photograohic  regions  are  not  possible  when  de- 
fined with  respect  to  the  equator  and  equinox.  Rut  with  the 
intnidnction  of  the  galactic  sy.stem  the  sky  may  be  divided 
into   about   eight   hundred   overlanping  areas   of  about   sixty 
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M|uare  degrees  each,  who've  centers  at  different  eiKK'hs  will 
remain  the  same  with  respect  to  the  stars  and  co-onlinates. 
The  ^ame  stars  will  be  found  on  corresponding^  plates  of  all 
e]MK*h*-.  These  galactic  areas  might  finally  replace  the  old 
Constellations. 

A  jHrmianent  or  uniform  numbering  systeiu  for  the  stars  is 
nt»t  iM)sNible  for  the  present  astrographic  areas  and  catalogs 
uhuve  numbers  follow  different  systems.  A  star  cannot  be 
ettvciively  defined  by  its  astrographic  number.  With  the  intro- 
<lucti'»n  of  permanent  galactic  regions  and  by  limiting  desig- 
nati(  un  to  generally  useful  stars,  seven  to  nine  stars  conspicuous 
in  each  S(|uare  degree  could  be  selected  for  designation.  In  this 
way  nearly  a  half  million  stars  practically  uniformly  distribute<l 
<Aer  the  sky  would  receive  i)ermanent  numbers.  The  remain- 
in  i^  veven  million  cataloged  stars  need  not  be  further  defined 
than  by  their  galactic  co-ordinates.  .\n  example  of  the  desig- 
nation of  a  star  would  be  325,  8,  8,  signifying  star  Xo.  8  in 
the  M|uare  of  galactic  longitude  325*^  and  latitude  8\  Xorth 
an<l  south  latitudes  could  be  distinguishe<l  by  italics. 

In  the  application  of  galactic  co-ordinates  to  the  astrographic 
catalog  the  formulae  are  changed  only  by  writing  A  and  p  for 
u  an<l  S  and  L  and  H  as  the  galactic  co-ordinates  of  the  center 
of  the  plate.  The  computation  of  the  etjuatorial  place  of  a  star 
frctni  an  astrographic  catalog  in  galactic  standard  co-ordinates 
would  re<juire  the  computation  of  A  and  p  by  the  above- 
uHiuioned  fonuuke  and  then  the  conversion  of  A  and  fi  to 
a  and  h  for  the  given  date.  The  computation  of  precession 
ffoin  the  efKKrh  of  the  present  astrographic  catalogs  to  the 
l)eu inning  of  the  given  year  would  not  enter  the  process  in 
galactic  c<vordinates.  Galactic  standard  co-ordinates  would 
thuH  offer  great  advantage  for  the  astrographic  catalogs.  If 
the  astrographic  chart  and  catalog  is  re|>eate<l  in  the  future 
on  the  equatorial  system  the  comparison  of  the  catalog^^  will 
Ik*  an  enormous  piece  of  work  and  exi>ense.  It  is  to  be  ho;)e<l 
that  the  future  chart  and  catalog  will  be  planned  on  the  basis 
and  system  outlined  by  Mr.  Innks.  The  real  value  of  the 
t)resent  astrographic  work  will  lie  not  in  its  catalogs,  but  in 
its  charts,  which  may  be  compare<l  with  future  charts  by  siq>er. 
l»->Niii()n. 
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The  use  of  galactic  co-ordinates  for  planetary  theories  would 
result  in  a  great  saving  of  work,  principally  the  reductions  to 
an  adopted  equinox  and  the  conversions  to  ecliptic  longitude 
and  latitude.  The  orbit  constants  would  remain  constant  for 
centuries,  changing  only  because  of  perturbations. 

The  objection  to  galactic  co-ordinates  that  they  cannot  be 
of  use  for  observing  purposes  at  the  telescope  or  for  imme- 
diate identifications  is  offset  by  including  in  the  galactic  catalog 
the  approximate  right  ascension  and  declination  with  the  an- 
nual precession.     The  indefiniteness  of  the  galactic  circle  and 
uncertainty  of  the  Sun's  apex  have  been  mentioned  as  diffi- 
culties in  establishing  the  galactic  system.     The  positions  of 
the  galactic  plane  and  departure  point  of  longitude  would  be 
somewhat  arbitrary  and  it  might  be  difficult  for  astronomers 
to  agree  on  these  points.     But  future  determinations  of  the 
plane  and  apex  will  differ  but  little  from  those  that  may  now 
be  adopted  and  will  cause  no  inconvenience.     Attention  has 
been  called  to  the  necessity  of  continued  work  with  the  meridian 
instruments  on  the  standard  stars  and  the  unnecessary  labor  of 
conversion  to  galactic  co-ordinates.     But  the  standard    star 
catalog  and  annual  ephemerides  would  still  be  constructed  in 
equatorial   co-ordinates,   as   pointed   out   above,   for  the    few 
thousand  standard  and  reference  stars  required.     The  transi- 
tion  from  the  equatorial  system  to  the  galactic  system  and 
the  difference  between   the  present  and  the  future  catalogs 
would  of  course  cause  difficulties,  but  these  and  others  would 
probably  not  be  paramount  to  the  ultimate  advantages  of  the 
galactic  system.     The  impression  that  the  use  of  galactic  co- 
ordinates would  lead  to  formulae  of  greater  complexit\'  than 
those  given  by  Bessel  is  herewith  removed  by  Mr.  Ixnes's 
presentation  of  the  application  of  the  system.     The  formulae 
and  computations  are  in  general  shorter.     This  constitutes  a 
considerable  gain,  "but  the  real  gain  is  beyond  this.     Star- 
places  in  galactic  co-ordinates  are  final  and  comparisons  be- 
tween catalogs  become  immediate.    The  deduction  of  a  proper 
motion  to-day  requires  hours  or  days  of  work  because  of  the 
fictitious  movements  of  the  co-ordinate  system.    With  galactic 
co-ordinates  the  comparison  will  be  the  work  of  minutes,  while 
yielding  proper-motion  referred  to  its  natural  plane." 
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A   Sl'CKiESTED  METHOD  FOR  ELIMINATING  THE 

EFFPXTS  OF  VARYING  TRANSPARENCY  OF  THE 

AIR  AND  OF    POSSIBLE    VARL\BILITY    OF 

COMPARISON    STARS    IN    SENSITIVE 

PHOTOMETRIC  OBSERVATIONS. 


Bv  C  D.  Perrine, 


The  wonderful  accuracy  obtained  in  the  first  experiments 
with  the  new  photo-electric  cell  opens  up  an  entirely  new  field 
t»t  [x>ssibilities.  At  the  same  time  such  accuracy  points  to  the 
necessity  of  taking  precautions  to  eliminate  small  sources  of 
crn»r  which  heretofore  have  been  neglected. 

It  has  been  for  a  long  time  common  suspicion  that  suf- 
ficiently sensitive  methods  might  reveal  slight  fluctuations  in 
moNt  of  the  heavenly  bodies.  It  may  be  that  the  new  cell  is 
MTiisitive  enough  to  make  the  finding  of  comparison  stars  which 
are  sufficiently  invariable  in  brightness,  difficult  or  perhaps 
f)ractically  impossible. 

This  difficulty  could,  to  a  great  extent,  at  least  be  overcome 
hy  using  a  number  of  comparison  stars  and  depending  upon 
«he  mean  to  be  constant. 

There  is.  however,  a  metho<l  which  I  think  can  be  used  to 
eliminate  at  once  errors  of  the  above  nature  and  also  varia- 
tions of  transparency  of  the  air,  and  with  little  extra  work. 

If  we  integrate  the  light  from  a  considerable  area  of  stars 
and  sky  (  say  of  one-half  degree  or  more  in  diameter  according 
ti>  the  requirements  of  the  case),  we  should  have  a  ver>*  con- 
stant source  of  comparison.  Such  a  source  should  also  elim- 
inate variations  in  the  transparency  of  the  atmosphere. 

The  simplest  and  best  metho<l  of  integration  would  seem  to 
he  to  project  the  region  of  sky  (either  in  fcxnis  or  out-of-foais) 
<lirectly  upon  the  sensitive  surface  of  the  cell  when  this  can 
be  d<^ne.     For  very  large  regions  of  sky  this  might  be  difficult. 

In  such  cases  very  short  focus  lenses  or  mirrors  might  be 
use<l  for  standardizing.  In  fact,  it  seems  probable  that  for  such 
pur|K)se  entirely  auxiliar>'  apparatus  may  be  found  most 
*^it  is  factory, 

Dr-^fiivatoiiio  Nacional  .Ar*.RVTIN(I. 
Connolly.   Fchniary  8.   IQ14. 
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PLANETARY    PHENOxMENA    FOR   JULY    AND 
AUGUST,  1914. 


By  Malcolm  McNeill. 


PHASES   OF   THE   MOON,   PAOFlC  TIME. 

Full  Moon   July  7,   6»»   o"a.m.  '  Full  Moon Aug.  5,  4*^  41™  p.m. 

Last  Quarter..     "    14,11    32    p.m.     Last  Quarter  ..  "    13,  4   56    p.m. 

New   Moon.    ..  "   22,   6   38    p.m.  i  New  Moon   ...  "   21,  4  26    a.m. 

First  Quarter.. .  "   29,   3   51     p.m.  !  First  Quarter   .  "   27,  8   52    p.m. 


The  third  eclipse  of  the  year  will  be  a  total  eclipse  of  the 
Sun,  occurring  August  21st.  The  regions  traversed  by  the 
line  of  totality  extend  from  the  Arctic  Ocean  north  of  British 
North  A^nerica,  nearly  eastward  thru  northern  Greenland,  Nor- 
way, Sweden,  thence  southeast  thru  the  Baltic,  Russia,  the 
Black  Sea,  and  Persia,  ending  in  the  northwestern  part  of 
India.  The  maximum  duration  of  totality  will  be  in  Russia, 
where  it  will  last  not  quite  two  and  one-quarter  minutes,  rather 
a  small  duration,  but  the  path  is  accessible.  The  eclipse  may 
be  seen  as  partial  in  the  eastern  part  of  the  United  States  and 
Canada  during  the  early  morning. 

The  Earth  reaches  aphelion,  its  farthest  distance  from  the 
Sun  on  July  2d,  4  p.  m.  Pacific  time. 

Mercury  is  an  evening  star  on  July  1st,  setting  a  little  more 
than  an  hour  after  sunset,  and  may  be  seen  in  the  evening 
twilight  under  good  weather  conditions,  but  its  distance  from 
the  Sun  is  growing  .smaller  and  it  passes  inferior  conjunction 
on  July  1 6th.  It  is  then  a  morning  star  until  it  reaches  su|)erior 
conjunction  on  August  30th.  Its  maximum  distance  from  the 
Sun  is  reached  on  August  5th,  rather  a  small  greatest  elonga- 
tion, 19"^  14',  as  the  time  is  only  eleven  days  before  perihelion 
passage.  During  the  first  half  of  August  the  planet  will  rise 
about  an  hour  and  a  quarter  before  the  Sun,  and  will  therefore 
not  be  a  difficult  object  to  see  when  the  western  sky  is  clear 
during  evening  twilight. 

J^euiis  is  the  most  prominent  object  except  the  Moon  in  the 
western  sky  during  the  evenings  of  July  and  August.  On 
July  1st  it  remains  above  the  horizon  a  little  more  than  two 
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hours  after  sunset,  and  the  interval  shortens  to  about  an  hour 
ami  three  <|uarters  by  the  end  of  Auf^^ist.  This  shortenin*^  up 
<»f  the  interval  between  the  setting?  of  the  Sun  and  of  the 
planet  is  not  due  to  a  lessening  of  the  apparent  distance  be- 
tween the  objects:  in  fact,  the  distance  increases  by  alK»ut  5^ 
durinj^  the  two  months,  but  because  the  planet's  apparent  posi- 
tion is  increasingly  south  of  that  of  the  Sun.  On  July  ist 
I'cnus  is  5^  south  of  the  Sun  and  on  August  31st  it  i^  uf 
xnith.  On  July  13th  it  passes  about  i"  south  of  Rciiulus, 
a  Lcotiis,  and  on  Au^st  31st  less  than  1°  north  of  Sf*ica, 
a  I'ir Joints.  On  August  5th.  6  p.  m.  Pacific  time,  it  is  in  very 
clove  conjunction  with  Mars,  being  only  10'  south,  rcfins  is 
nt»w  much  brighter  than  it  was  in  the  early  spring,  but  will  not 
reach  its  maximum  until  toward  the  end  of  October. 

.\fars  is  still  an  evening  star,  but  its  apparent  distance  from 
the  Sun  is  continually  diminishing.  On  July  ist  it  sets  at  alxnit 
half-after  ten  and  on  August  31st  at  a  little  before  8  v.  m. 
Il  moves  35  '  eastward  and  16^  southward  from  Leo  into  lirtyo. 
(  >n  August  8th  it  makes  a  very  close  approach  to  the  fourth- 
magnitude  star  P  I'irj^tfiis,  and  on  August  30th  it  passes  very 
cUwe  to  the  third-magnitude  star  y  rirj^lnis.  Its  conjunction 
with  I'etius  on  August  5th  has  been  previously  mentioned.  It 
i*i  still  growing  fainter,  altho  at  a  less  rapid  rate  than  during 
the  early  part  of  the  year,  and  its  brightness  at  the  end  of 
.\ugust  is  only  about  one  fourteenth  as  great  as  it  was  at  the 
time  of  op}x>sition  in  January.  Its  distance  from  the  Karth 
increases  from  187.000.000  to  217.000,000  miles  during  the 
two  months. 

Jupiter  rises  before  10  P.  m.  on  July  1st  and  an  hour  Ik  fore 
sunset  at  the  end  of  August.  It  comes  to  op|>osition  on  August 
loth  and  is  then  above  the  horizon  thniout  the  entire  night. 
It  is  in  the  constellation  Capricorn  and  moves  7""  westward 
and  2  southward  during  the  two  months.  The  M(X)n  passes 
\ery  close  to  the  planet  on  the  south  on  the  night  of  July  ()th- 
loth  and  again  on  the  night  of  August  5th-6th.  l-Or  ^ome 
f>oint'^  in  the  southern  hemisphere  the  planet  wd'  Ik*  occulted 
on  both  occasions. 

Saturn  f)asse<l  conjimction  with  the  Sun  on  June  13th  an<l  i«? 
now  a  morning  star.     On  July  ist  it  rises  a  little  less  than  an 
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hour  before  sunrise,  and  on  August  31st  shortly  after  midnight. 
It  is  in  the  eartern  part  of  Taurus  and  moves  about  7°  east- 
ward nearly  to  the  border  of  Gemini  during  the  two  months. 
As  seen  in  the  telescope,  the  rings  present  about  the  same 
appearance  as  they  did  earlier  in  the  year,  the  apparent  minor 
axis  being  about  44  per  cent  of  the  major. 

Uranus  rises  at  about  half-after  nine  on  July  ist,  and  on 
August  2d  comes  to  opposition  with  the  Sun,  rising  at  sunset. 
At  the  end  of  August  it  will  be  above  the  horizon  until  about 
3  A.  M.  It  is  in  the  constellation  Capricorn,  about  11°  west  and 
3°  south  of  Jupiter,  and  at  the  end  of  August  the  distance  has 
diminished  to  about  6°  west  and  2°  south.  This  is  on  account 
of  the  greater  westward  motion  of  Jupiter,  Uranus  moving 
about  2°  westward  in  the  period.    No  bright  star  is  near. 

Xeptune  is  in  conjunction  with  the  Sun  on  July  21st,  chang- 
ing froin  an  evening  to  a  morning  star,  but  is  too  near  the  Sun 
for  observation  even  with  a  telescope. 


PLANETARY  PHENOMENA  FOR  SEPTEMBER 
AND  OCTOBER,  1914. 


By  Malcolm  McNeill. 


PHASES   OF   THE    MOON,   PACIFIC  TIME, 

Full  Moon    ...Sept.  4,   6*»    i™a.m.  Full  Moon   Oct.  3,   9»>59»p.m. 

Last  Quarter  ..  **    12,   9  48    a.m.  Last  Quarter  ..  "    12.    i    Z3    a.m. 

New  Moon   ..."    19,    I    33     P.M.  New  Moon  ....  "    18,10  33    p.m. 

First  Quarter..   "   26,   4     3    a.m.  First  Quarter   .  **   25,   2   44    p.m. 


The  fourth  and  la.st  eclipse  of  the  year,  a  partial  eclipse  of 
the  Moon,  will  occur  on  the  morning  of  September  4th.  No 
part  of  it  will  be  visible  from  the  eastern  part  of  the  L'nited 
States,  but  a  part  may  be  seen  in  the  far  west.  The  circum- 
stances of  the  eclipse  are  as  follows.  Pacific  time: — 

Moon  enters  penumbra  September  4,   3*  i™  a.m. 

Moon  enters  shadow  **  4,   4  16    a.m. 

Middle  of  eclipse   *'  4»    5  55    a.m. 

Moon  leaves   shadow    "  4»   7  33    a.m. 

Moon  leaves  penumbra   "  4,   8  48    a.m. 
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The  maximum  obscuration  will  be  86  per  cent  of  the  Moon's 
diameter. 

The  autumnal  equinox,  when  the  Sun  crosses  the  equator 
from  north  to  south,  occurs  September  23d,  shortly  after  i  p.  m. 
Pacific  time. 

Mercufy  on  September  ist  is  an  evening  star,  having  passed 
superior  conjunction  with  the  Sun  on  August  30th,  but  is 
entirely  too  near  the  Sun  for  naked-eye  view,  and  this  condi- 
tion remains  thruout  the  month.  The  planet,  however,  will 
become  visible  as  an  evening  star  toward  the  middle  of  October. 
It  reaches  greatest  east  elongation,  24 ""  52^,  on  October  tsth, 
and  then  sets  not  quite  an  hour  and  a  half  after  sunset.  The 
greatest  elongation  is  greater  than  the  average,  as  the  planet 
passed  its  aphelion  on  September  29th.  The  visibilit>'  lasts 
for  only  a  few  evenings,  as  by  the  end  of  October  the  planet 
has  nearly  reached  inferior  conjunction.  East  elongations  dur- 
ing the  autumn  seldom  yield  as  good  conditions  for  visibility 
as  the  present  one.  There  will  be  two  conjunctions  of  Mercury 
and  Mars,  one  on  the  night  of  October  5th-6th  and  the  other 
early  in  the  morning  of  October  30th.  In  each  case  Mermry 
will  be  a  little  more  than  2^  south  of  Mars. 

yenus  thruout  September  sets  about  an  hour  and  three 
quarters  after  sunset.  The  interval  shortens  about  half  an 
hour  during  October,  being  about  an  hour  and  a  quarter  on 
October  3i$t.  It  reaches  its  greatest  east  elongation  from  the 
Sun  on  the  morning  of  September  18th.  The  distance.  46^  27', 
is  perhaps  i  "^  greater  than  the  average,  as  I  \*ftus  was  in  aphelion 
only  thirty-six  hours  before.  The  almost  perfect  circularity 
of  her  orbit  makes  all  greatest  elongations  practically  of  the 
same  sire,  in  strong  contradistinction  to  the  case  of  Mercury, 
where  they  differ  as  much  as  10°.  As  seen  in  the  telescope  at 
time  of  greatest  elongation  Oiitij  will  have  a  half-moon  sha|)e. 
.As  the  planet  approaches  inferior  conjunction  the  half-ni(X)n 
vhape  changes  to  a  gradually  narrowing  crescent,  which  dis- 
appears entirely  at  conjunction.  At  the  same  time  the  planet 
\s  rapidly  approaching  the  Earth  and  its  apparent  size  is 
increasing.  The  brightness  of  the  planet  will  increase  until 
the  planet  is  about  half-way  between  greatest  elongation  and 
mferior  conjunction.    This  occurs  on  the  morning  of  (Vtol>cr 
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23d.  For  some  weeks  before  and  after  this  time  Icntts  will  be 
bright  enuf  to  be  seen  in  full  daylight.  It  is  not  always  easy 
to  find  it  by  daylight,  but  when  once  seen  it  is  very  obvious. 

Mars  is  still  to  be  seen  in  the  evening  sky,  but  is  so  much 
fainter  and  so  near  the  Sun  that  it  is  not  very  obvious.  On 
September  ist  it  sets  about  an  hour  and  twenty  minutes  after 
sunset.  This  diminishes  to  less  than  an  hour  by  October  ist, 
and  to  about  forty  minutes  on  October  31st.  As  the  planet  also 
almost  reaches  its  greatest  distance  from  the  Earth  and  is  at 
the  same  time  gradually  nearing  the  Sun,  it  attains  its  least 
brightness  in  October  several  weeks  before  time  of  conjunction 
with  the  Sun.  Its  brightness  will  vary  very  little  from  Sep- 
tember 1st  to  the  end  of  the  year,  and  will  be  not  greatly  dif- 
ferent from  that  of  a  standard  second-magnitude  star  like  the 
Pole  Star.  The  conjunctions  of  Mars  and  Mercury  have 
already  been  mentioned. 

Jupiter  is  in  fine  position  for  evening  observation,  remaining 
above  the  horizon  on  September  ist  until  about  half-after  three. 
and  about  half-after  eleven  on  October  31st.  It  remains  in  the 
constellation  Capricorn,  retrogrades  or  moves  westward  a  little 
more  than  2^  until  October  9th,  and  then  moves  about  1°  east- 
ward by  the  end  of  the  month.  It  will  be  in  close  conjunction 
with  the  Moon  on  the  night  of  September  ist-2d,  the  morning 
of  September  29th,  and  at  about  noon  on  October  26th.  In 
all  three  instances  the  planet  is  north  of  the  Moon.  The  last 
conjunction  of  the  three  is  the  closest,  and  will  be  an  occultation 
for  some  parts  of  the  southern  hemisphere. 

Saturn  rises  at  about  midnight  on  September  ist  and  shortly 
after  S  p.  m.  on  October  31st,  so  it  is  getting  around  again  in 
fair  position  for  evening  observation.  It  is  on  the  border-line 
of  the  constellations  Taurus  and  Gemini  and  moves  eastward 
nearly  2"  until  October  15th;  it  then  begins  to  retrograde  and 
at  the  end  of  October  is  almost  exactly  in  the  same  position  it 
occn])ie(l  at  the  beginning  of  the  month.  It  is  seldcwn  that  the 
line  of  retrograde  motion  corresponds  so  exactly  with  the  line 
of  direct  or  eastward.  The  apparent  width  of  the  rings  remains 
practically  unchanged. 

L'ranus  is  also  in  good  position  for  evening  observation,  not 
settini:^  until  nearly  3   a.  m.  on  September   ist  and  not  until 
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iH.irly  II  p.  M..on  October  31SL  Like  Jupiter, .it  is  in  the  con- 
-tcllaiitui  Caf^riconi  and  lies  5''  to  6°  west  of  the  brip^hter 
j'Lmet.  Its  motion  is  small,  about  1°  westward  until  October 
iSth.  and  then  a  little  eastward.  There  is  no  even  moderately 
briuht  star  near  enuf  to  afford  an  easy  identification  of  the 
I'lar.cl. 

\cNHnc  rises  scwnewhat  after  2  a.  m.  on  September  1st.  and 
sr.  .rtly  Ixrfore  half-pa^t  ten  on  October  31st.  It  moves  about 
I     eastward  in  the  extreme  western  ])art  of  Cancer. 


\«  »rK  OX  THE  ILLUSTRATION'S  IX  THIS  Xl'MRER. 

1  he  frontispiece  of  the  present  number  of  these  Publications 
i^  a  ref)n)duction  of  a  photoji^raph  taken  by  ^^r.  C.  A.  Bkrg- 
\i  vw.  Assistant  in  the  Lick  Observatory-.  The  first  and  third 
"f  tlu-  frame  buildings  (counting  from  the  right)  and  the 
three ->tory  reinforced  concrete  building  in  the  center,  on  the 
•»Miii  i»eak.  are  the  new  residence  buildings,  completed  in  H)I3. 
i<»  replace  the  large  brick  domiitory  which  had  to  be  taken 
d"\\n  «>n  account  of  damages  wrought  by  the  earthquake  of 
Jiil>.  ion.  The  buildings  faintly  seen  in  the  background  on 
ti^e  riudit  are  in  the  city  of  San  Jose,  thirteen  miles,  in  a  direct 
!ine.  trom  the  ol)ser\'atory. 

The  two  fog  views  are  also  from  photographs  by  Mr.  Rkrc- 
v\\\  and  illustrate  typical  conditions  at  Mount  Hamilton  in 
the  early  spring  months.  Committke  on  PrBLiCATiON. 


X«)TK'K  TO  MEMBERS  AXI)  CORRESPOXDEXTS 
OE  THE  SOCIETY. 
A  <  ieneral  Index  of  the  first  twenty-five  volumes  of  these 
!*u:''iinttio)\s  will  be  printed  during  the  present  summer  and  a 
C'»p>  will  l)e  sent  to  each  meinl)er  and  corresjxmdent  of  the 
S<»eiety  in  lieu  of  the  usual  August  number  of  the  Publica- 
ti'nis.  The  price  for  additional  co])ies.  an<I  for  copies  to  those 
\\\u*  are  not  memlKTs  will  be  Si. 75,  iK)stage  paid.  Orders  may 
Ikt  >eiit  to  Mr.  I).  S.  Richardson.  75J  Phelan  Building,  San 
1  ramiNCo. 

1  he   next   regular  numl)er  of  the  Publications  will  a]){>ear 

in  <  Vtnbcr.   I<)I4.  CoMMIIlKK   us     Pl-nMCATION. 


NOTES  f1^()M   I'ACIFIC  COAST  OBSERVATORIES. 


Thk  Zee^jax  anij  Stahk  Effects* 

The  imiKjrtant  discover)^  by  Stark  of  the  effect  of  ail  electric 
field  on  radiation  is  of  the  greatest  interest  to  the  physicist,  and 
may  prove  ai  equal  value  to  the  astronomer.  Altho  Ihc  ob- 
serve* I  phenomena  are  in  some  respects  closely  analog^oos  to 
those  of  the  Zeenian  effect,  there  are  sig^tficanl  points  of  div 
tinction  vvliich  make  it  i>ossible  to  detemiitie  with  certainty 
whether  an  electric  or  a  magnetic  field  is  the  producing  caitse, 
The  most  important  criterion,  in  cases  where  the  magnetic  or 
electric  fields  are  loo  weak  to  province  complete  separation,  U 
afforded  by  the  fact  that  whereas  in  the  Zeeman  effect  the 
onter  components  of  a  magnetic  triplet  are  circularly  p€>larizefi 
wheu  observed  in  the  direction  of  the  lines  of  force,  the  com- 
ponents of  an  electricaily  resolved  line  are  unf^kolarized  under 
similar  conditions  of  observation.  Thus,  disregarding  other 
piints  of  difference,  the  presence  of  circularly  or  elliptically 
polan?-cti  lighi,  if  not  of  instrumental  origin,  will  serve  as  a 
sufficient  criterion. 

In  sun-spot  triplets,  for  example,  the  two  outer  components 
are  circnlarly  or  elliplically  jj^ilari^ed  in  opposite  directions,  the 
polari?,ation  beiuf^  so  pronounced  that  either  Comiioncnt  can  l>e 
cm  off  ;U  will  in  the  case  of  spots  lying  near  the  center  of  the 
Sun.  I'lirdicrmorc,  a  wide  variety  of  tests  give  all  of  the  ot)ier 
]>eculiarilics  which  the  Zeeman  effect  would  lead  us  to  expect. 
Tlif  ^t^THTiil  magnetic  held  of  the  Sun  is  too  weak  to  resolve  the 
lines  into  their  separate  components,  but  the  displacements 
which  have  led  to  itsi  detection  result  from  the  fact  that  the  over* 
hipping  comptnumts  are  elliptically  polarized.  Thus,  in  both 
cases,  there  c-An  \k*  n**  drnd^t  that  the  observe<l  phenomena  are 
tlue  to  a  magnetic  rather  than  an  electric  field* 
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As  for  the  possibility  of  detecting  the  existence  of  electric 
fields  in  the  Sun  by  means  of  the  Stark  effect,  the  existing 
evidence  appears,  to  be  negative.  In  view  of  the  powerful 
magnetic  fields  in  sun-spots,  it  seems  probable  that  electric 
fields  of  consi(krable  intensity  may  also  be  found  there.  I 
have  examined  our  photographs  of  spot  spectra  with  the  object 
of  <letecting  any  anomalies  ascribable  to  the  Stark  effect,  but 
M)  far  without  success.  Comparatively  few  of  these  photo- 
graphs, however,  were  taken  for  the  study  of  plane  polarization 
effects,  and  in  these  cases  the  spots  observed  were  at  some  dis- 
tance from  the  center  of  the  Sun.  It  will  be  necessary  to 
repeat  the  observations  with  special  polarization  apparatus  in 
the  case  of  sun-spots  lying  near  the  Sun\s  center  and  elsewhere, 
ami  also  to  extend  them  to  the  chromosphere,  with  special 
reference  to  its  lower  levels.  At  present  it  can  only  be  said 
that  if  the  Stark  effect  exists  in  the  Sun  its  magnitude  appears 
to  be  so  small  that  special  methods,  similar  to  those  employed 
in  the  study  of  the  general  magnetic  field,  will  be  required  to 
detect  it.  Polarizing  apparatus  suitable  for  this  purpose  is 
described  in  a  paper  read  before  the  American  Philosophical 
S<iety  on  April  24th.'  Georce  E.  H.\le. 

f^RKLIMINARV    XoTE  ON   THE   DISSYMMETRY   OF   LlNES    IN   THE 
SPECTRrM    OF   THE    CoNDENSEI)    SpaRK. 

That  the  strongly  condensed  sf)ark  gives  spectrum  lines  which 
in  general  are  stronger  on  the  red  side  is  well  known.  It  is 
(tifficult  to  make  accurate  micrometer  settings  on  such  lines. 
M>  that  spark  spectra  to  be  measured  are  usually  obtained  with 
considerable  inductance  in  the  circuit,  which  sharpens  the  lines 
and  at  the  same  time  reduces  the  tendency  toward  dissymmetr\\ 
A>  the  effect  is  not  easily  measured  by  our  usual  methmls  and 
can  be  minimized  when  desirefl.  it  has  not  taken  its  place  as  an 
active  agency  in  the  displacing  of  lines.  When  a  displacement 
i^  observetl.  the  probable  influences  of  pressure  and  of  motion 
in  the  line  of  sight  are  first  consideretl.     The  condition  is  to 

•  Soon  after  the  apprarance  In  S'atmre  of  the  fir^t  announcement  of  hi«  di«covery. 
1  w'c^e  lo  Profc»»or  Stabk  reirarilinf  the  dcterminafion  of  the  effect  (or  the  line* 
o*  trim,  chromium  and  other  mrtaU  found  at  low  level*  in  «un  tpott  and  the  *4>Ur 
■im*«*phefe.  where  tnten«c  electric  6elds  may  exi*!.  He  replied  that  the  alj^cnce 
of  trrte*  line*  In  their  ipectra  had  led  him  to  omit  them  from  hi^  preliminary  pro- 
f  jTi  *»'it  tb*t  he  would  endeavor  to  o*»*er\e  the  effect  for  the«e  elrmrnl*  ttiuing  the 
r>*tning  tummcr. 
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be  faced,  however,  that  a  source  giving  strong  enhanced  lines 
must  bear  a  certain  resemblance  to  the  vapor  in  the  interi(^r  of 
the  condensed  spark  and  that  a  similar  displacing  influence  is 
to  be  expected. 

Recent  tests  of  the  registering  micro-photometer,  designed 
by  Professor  Koch,  w^hich  were  reported  in  part  in  the  Astro- 
physical  Journal,  39,  213,  1914,  showed  that  the  position  of 
maximum  density  could  be  determined,  even  for  lines  of  very 
diffuse  appearance,  by  means  of  the  intensity  curves  which 
this  instrument  registers.  In  order  to  study  the  qualitative 
aspect  of  the  effect  and  determine  the  proper  conditions  for 
the  taking  of  photographs  to  be  used  in  the  micro-photometer.  I 
have  made  a  number  of  plates  for  selected  regions  of  the  iron 
and  titanium  spark  spectra,  using  a  powerful  transformer  dis- 
charge with  large  capacity  and  only  the  small  inductance  given 
by  the  leads.  Arc  spectra  on  the  same  plates  showed  the  struc- 
ture of  the  lines  in  this  source.  The  scale  of  the  plates  was 
about  I"*™  =  0.9A. 

The  effect  of  such  a  spark  on  those  lines  which  are  strong 
and  easily  reversed  in  the  arc  is  very  decided.  While  in  the 
arc  these  lines  are  symmetrical,  in  the  spark  the  red  side  i*^ 
usually  much  stronger.  If  reversed,  the  spark  gives  the  re- 
versal much  to  the  violet  of  the  center  of  the  line.  Further- 
more, this  reversal  coincides  with  the  p>osition  of  the  arc  line, 
as  was  shown  by  photographing  the  arc  spectnmi  adjacent  to 
that  of  the  spark.  Some  lines  in  the  blue  and  violet  are  jcriven 
by  the  spark  with  the  red  side  fully  twice  as  strong  as  the 
violet  side,  while  in  the  arc  the  two  sides  of  the  reversal  are  of 
equal  length.  That  this  condition  is  caused  by  the  interior  of 
the  spark  giving  a  line  displaced  toward  the  red  is  well  shown 
when  a  horizontal  cross-section  of  the  spark  is  projected  on  the 
slit  of  the  plane-grating  spectrograph.  The  long  line  thus  pro- 
duced is  strongly  unsymmetrical  in  the  middle  of  its  length, 
where  the  chief  radiation  is  from  the  center  of  the  spark,  but 
changes  gradually  into  symmetry  toward  the  ends,  showing  that 
the  outer  vapors  of  the  spark  give  a  line  of  the  same  wave- 
length as  the  arc. 

Iron  lines,  when  of  the  same  character,  show  this  dissvm- 
metrv  much  more  uniformlv  than  do  those  of  titanium.     The 
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latter  c!c"X-TU  ^r.  a^  r*«*<  •  f  il^  ^t^*  :^^trr  .irc  !:"c^  CvC  *v  V\ 
un^\:i:iiKincaI  :n  rrtr  -lark,  U:r  5«*t"'e  ■■:  tin-"  rtr'Vi:"  !H'.i'  > 
N\'i:mclrical.  In  all:::  n  :••  thcM:  excrvtio':^!  ca-^>,  t\\  *  i:::- 
|»»naiu  ijriKij'^  i»t  I:nc^  ^h'>\\  I'ttle  rc^;«»r.Mr  to  liic  d>;»'ac:n^ 
acti^'U  •»!  the  ^j  ark  tiiM:harv:c.  T:k>  arc  the  cnriarKreti  I:::t>  aiui 
the  ""Mair-e"  iir.e^.  the  latter  be:n^  ^tri.»r.;^  al  !"W  tei^.j^ratv.re  in 
the  electric  tiimace.  The>«  two  clas^^^  h*rv,  t>.e  exlre-^e^  -^l 
the  excilali»»n  >cale,  the  "tia'ne  *  iine>  be:n:;  err.itteil  In  the 
outer  vaj)»>rs  of  the  ^{vark  and  the  enhance*!  lines  a>'>-t  ^»le'.y 
by  the  core.  Lir>es  be'.'»niiini;  li»  *iitterenl  ijr"<Jl»^  i"  the  ti:niace 
ciaNsiticatmn  ^h*»\%  var^inij  de^ree^*  »»f  liis'^yiri^eti^'  in  the 
^-fiark. 

In  rej^aid  i<»  the  iirj^^rtanl  question  as  U^  h«nv  ihi^  ettccl 
\aneN  with  the  wave-Ieni^th.  the  preHininar%  exaininalion  ^h'»WN 
that  the  niajoritx  <.f  ifie  line>  stn^ii^Iy  atlecteil  he  toward  the 
violet  end  nf  the  'nfKrcii^tn.  This  may  be  closely  CMniecied, 
h<»wever.  with  the  fact  that  the  etteci'^  t>f  wideninij  and  re- 
versal in  the  arc  and  si»ark  are  more  decidetl  in  the  region  <n 
vhortcr  wave-lenirth.  The  character  oi  the  iron  ^pectnim  is 
Mich  that  the  lines  showinjj  the  stn>n«:e>t  dissymnietr\  in  the 
sjKirk  occur  to  the  violet  oi  A  4400.  With  titanium,  a  strouij 
j^p'Up  near  A  5<xjo  •ihows  the  same  variety  of  effects  that  ajv 
{•ear  anions  the  blue  an<l  violet  lines.  In  all  rej^iinis  the  afv 
f>r»>ximate  s>mmetry'  4>f  the  *  riame"  and  enhanceil  line^  is  in 
sinnii^  c«>ntrast  with  the  af>|)earance  of  many  of  the  arc  lines. 

The  e  violence  at  preM?ni  is  ajjainst  a  close  re  la  t  it  m  between 
the  eflect  of  the  s|>ark  discharj^e  and  the  pressure  effect :  first. 
I^ecause  the  s|)ark  dis>ymmelry  shows  no  ten<Iency  to  increase 
with  the  waveden^h.  but  rather  the  reverse:  second,  line*^  of 
the  s;ime  pressure  displacement  are  often  very  different  in  their 
«'I»;irk  dissymmetry:  third,  the  enhanced  lines,  usually  strongly 
atTtcte<l  by  pressure,  show  a  minimum  s|>ark  effect.  The  fact 
that  some  of  the  "tlame"  lines  are  but  slii^hlly  displaced  by 
j^ressure  and  remain  symmetrical  in  the  spark  is  the  onl\  i>'iint 
of  resnnblance  between  the  two  effects  thus  far  noted. 

The  <lis*iymmetrie^  recently  describe<l  by  the  writer  for  the 
lines  of  iron  and  titanium  in  the  **tulK*-arc/'  which  funiishes 
sfMrk  conditions  in  r^acuo  without  the  U'ie  of  a  hij^h  ix)tential. 
rf>rre*»|H>nd   in   all  detaiN.  as   far  as  the  same  regions  i^f  the 
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spectrum  have  been  examined,  with  those  produced  by  the 
condensed  spark.  The  varying  dissymmetries  of  certain  titani* 
um  arc  lines  and  the  symmetry  of  the  enhanced  lines  were 
features  noted  in  the  ^'tube-arc"  spectrum.  The  violently  dis- 
ruptive action  of  the  spark  discharge  thus  does  not  appear  to 
be  essential  to  the  phenomenon. 

The  evidence  at  hand  points  to  a  real  displacing  action,  highly 
selective  in  character,  being  exerted  by  the  conditions  in  the 
interior  of  the  spark.  A  fairly  definite  program  may  be  offered 
for  the  study  of  this  effect  and  its  application  to  any  spectrum 
in  which  the  strength  of  enhanced  lines  indicate  that  displace- 
ments due  to  this  cause  may  have  a  magnitude  worth  consid- 
ering. The  relative  intensity  of  enhanced  and  arc  lines  in  the 
spark  spectrum  may  be  controlled  within  a  wide  range  by  ad- 
justing the  circuit  conditions.  The  function  of  the  micro- 
photometer  will  be  two-fold:  first,  to  measure  the  relative 
strength  of  the  enhanced  and  arc  lines  for  a  given  condition  by 
means  of  the  areas  of  their  intensity  curves,  lines  of  these  two 
classes  being  often  very  different  in  appearance;  and,  second, 
to  show  for  a  given  line  in  the  spark  spectrum  where  its  maxi- 
mum is  located  with  reference  to  the  position  of  the  corre- 
sponding line  in  the  arc,  the  latter  being  obtained  either  from 
an  adjacent  arc  spectrum,  or,  in  the  case  of  reversed  spark  lines, 
from  the  position  of  the  reversal.  The  tests  already  carried 
out  with  the  micro-photometer  brought  from  Munich  by  Pro- 
fessor Koch  have  shown  these  measurements  to  be  well  within 
the  capabilities  of  the  instrument.  A  large  apparatus  of  the 
same  type  is  now  under  construction  here  for  the  work  on  the 
large-scale  spectrograms.  Arthur  S.  Kixg. 

Mount  Wilson  Solar  Observatory, 
May  14,  1914. 

Blinksterne. 

For  several  years  Dr.  Hartwig,  in  the  annual  Kaialog  und 
Ephcmeriden  vcrandcrlichcr  Sterne,  has  used  the  term  "antal- 
gol"  to  designate  a  small  group  of  variable  stars  whose  light 
curxes  are  similar  to  those  of  the  Algol  variables  when  rotated 
thru  180°  about  the  horizontal  line,  or  turned  ui>side  down.  Dr. 
Hartwig  has  now  given  up  the  use  of  this  term  and  in  the 
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catalog  and  ephemeris  for  1914  proposes  a  new  term,  "Blink- 
stcmc/*  to  be  applied  to  both  the  antalgol  and  the  hCephei 
types  of  stars.  The  antalgol  stars  were  formerly  put  by  them- 
selves in  Part  IV  of  the  catalog,  but  this  has  been  changed 
and  they  are  put  in  Part  II,  which  now  includes  all  short-period 
variables  except  those  of  the  Algol  and  p  Lyra  types. 

It  seems  rather  doubtful  if  a  satisfactory  translation  of 
the  word  Blinkstem  into  English  can  be  obtained.  Neither 
blink-star  nor  flash-star  seems  acceptable.  Nearly  all  are 
agreed,  I  think,  that  there  is  no  real  difference  between  S  Cephei 
and  antalgol  variables,  and  that  they  should  be  put  together 
into  one  class.  The  problem  is  to  find  a  suitable  name.  If  the 
name  suggested  is  acceptable,  it  may  be  best  not  to  attempt 
a  translation  into  other  languages.  Dr.  H.\rtwig's  remarks 
on  this  matter  are  worth  quoting  in  full  and  I  give  below  a 
rather  free  translation,  too  free  to  warrant  the  use  of  quota- 
tion marks.' 

As  for  the  inclusion  of  the  antalgol  stars  [in  Part  II],  it 
appears  evident,  from  more  careful  investigations  of  their  light 
changes,  that,  in  the  case  of  most  of  them,  though  not  all, 
there  is,  in  reality,  no  long  period  of  constant  light  interrupted 
by  a  brightening,  in  contrast  to  Algol  stars  whose  period  of 
constant  light  is  interrupted  by  an  absolutely  regularly  recur- 
ring eclipse :  but  that,  on  the  contrary,  their  variability  is  con- 
tinuous, and  after  a  g^dual  declining  to  a  definite  minimum 
there  occurs,  with  extraordinary  regularity,  a  rapid  brightening 
to  a  maximum  of  short  duration. 

The  behavior  of  these  stars  suggests  the  appearance  of  the 
flash-light  in  a  light-house  on  the  seacoast,  which  after  exactly 
equal  intervals  blazes  out,  and  after  a  short  duration,  slowly 
disappears:  and  I  suggest  for  these  stars,  which  have  their 
oldest  representative  in  h  Cephei,  the  name  **Blinksteme.**  The 
necessity  for  a  name  is  in  the  highest  degree  weighty  and  press- 
ing. It  is  necessary  to  distinguish  these  stars  from  other  vari- 
ables by  a  characteristic  name,  and  it  is  to  be  hoped  that  the 
fa  he  and  misleading  term,  Cepheids.  will  soon  be  given  up. 
Cei>hcids  are  meteors  which  come  from  the  constellation 
Cepheits,  as  the  Perseids  are  meteors  which  have  their  radiant 

^  I'lcrt^hahrsschrift   drr  Astronomtschcn   CrsflUthaft,  4H.   i%l. 
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point  in  the  constellation  of  Perseus.  If  one  should  call  the 
Algol  stars  Perseids,  after  the  oldest  representative,  p  Persei, 
then  everyone  would  immediately  recognize  the  incorrectness 
of  the  designation.  The  name  Cepheid  is,  in  quite  the  same 
way,  incorrect  and  misleading.  The  name  Quster  Star,  taken 
up  in  America,  is  also  not  suitable,  because  this  kind  of  a  vari- 
ation is  not  a  general  property  of  the  stars  in  clusters,  and  not 
even  of  all  the  variables  in  clusters,  and  not  all  the  stars  having 
this  kind  of  variation  are  located  in  clusters.  For  the  present 
it  is  not  possible  to  establish  with  certainty  a  class  distinction 
expressed  in  length  of  period,  even  tho  there  seem  to  be 
short-period  groups  and  long-period  groups.  Therefore  these 
stars,  with  their  great  regularity,  their  sudden,  rapid  rise  to 
maximum  and  their  slow  decrease,  can  be  placed  together  un- 
der the  common  name  of  ''Blinksteme."  If  the  stars  U  Gem- 
inorum,  SS  Cygni  and  SS  Aurigce  were  regular  in  the  times  of 
their  brightening,  then  they  would  be  true  examples  of  antalgol 
stars,  because  their  increase  of  light  comes  after  long  periods 
of  constant  light.  S.  D.  Townley. 

Stanford  University,  Cal. 

Some  Electric  Furnace  Experiments  on  the  Emission 
OF  Enhanced  Lines  in  Hydrogen  Atmosphere.* 

A  very  interesting  paper  with  the  above  title  by  Arthur  S. 
King  is  soon  to  appear  in  the  Contributions  from  the  Mount 
Wilson  Solar  Obserzfatory.  Dr.  King  has  kindly  furnished  a 
manuscript  copy  to  be  abstracted  for  this  issue  of  the 
Publications, 

The  experiments  discussed  in  this  paper  were  undertaken 
to  test  the  hypothesis  that  the  presence  of  hydrogen  may  facili- 
tate the  emission  by  metallic  vapors  of  the  so-called  enhanced 
lines.  This  hypothesis  was  first  suggested  by  the  fact  that  the 
arc  in  a  hydrogen  atmosphere  shows  the  enhanced  lines  stronger 
than  in  air.  It  is  also  known,  however,  that,  for  the  same  dis- 
tance between  terminals,  the  arc  is  maintained  with  greater 
difficulty  in  an  atmosphere  of  hydrogen  than  in  air  and  that 
the  discharge  is  characterized  by  a  higher  potential  gradient, 
indicating  an  approach  to  the  conditions  of  the  spark  discharge. 

*  Aljstract  by   K.    S.   Hwnks. 
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The  *|ue>iion  is  thus  rai>€<i  whether  the  action  of  hydrogen  in 
pnMlucing  from  the  arc  those  lines  which  arc  intensified  in 
tlie  H|)ectrum  of  the  spark  is  not  simply  to  alter  the  conditions 
ot  the  arc  discharge  toward  those  of  the  spark. 

The  electric  furnace  seems  especially  adapted  to  test  this 
()ucNti(m,  because  the  graphite  tube  of  the  furnace  may  be 
ext>ected  to  perform  its  functions  as  an  exciting  source  inde- 
jHrtnlently.  to  a  large  extent,  of  the  surrounding  gas,  leaving 
the  ctMiditions  of  mixed  vapors,  density  and  total  pressure  to 
pn^liice  any  effects  that  may  be  observed. 

Dr.  King  gives  the  follou-ing  summary  of  the  results  of  his 
wt>rk  with  the  electric  furnace: — 

I.  The  experiments  "have  failed  to  show  any  effect  of  a 
hy<lrogen  atmosphere  in  strengthening  enhanced  lines.  They 
ap{>ear  in  the  furnace  at  low  pressure  with  equal  ease  whether 
hydpti^en  is  present  or  the  furnace  contains  a  residue  of  air. 

J.  "Widely  different  amounts  of  titanium  vapor  at  low  pres- 
sure and  the  same  temperature  have  shown  no  material  effect 
on  the  relative  intensities  of  enhanced  lines. 

3.  'Tncreasing  the  pressure  of  hydrogen,  the  temperature 
iHriii;^  held  as  nearly  constant  as  possible,  causes  a  progressive 
weakening  of  the  titanium  enhanced  lines,  until  at  atmospheric 
pressure  only  traces  of  the  strongest  are  visible  in  the  furnace 
spectrum." 

It  is  thus  seen  that  neither  the  presence  of  hydrogen  nor  the 
iiensity  of  the  radiating  vapor  materially  affects  the  strength 
of  the  enhanced  lines,  but  that  the  total  pressure  is  very  im- 
^xtrtant  in  this  respect.  Previous  experiments  have  shown  that 
the  arc  lines  are  not  thus  affected  by  the  prcssui^ ;  but  experi- 
ments with  the  furnace,  the  tube  arc  and  the  ordinary  arc  at 
low  pressures  have  shown  that  the  enhanced  lines  arc  brought 
out  best  in  a  partial  vacuum,  a  condition  favorable  to  all  the 
phenomena  of  electro-limiinesccnce. 

Since  the  occurrence  of  cnhaiKcd  lines  in  stellar  spectra  is 
Usually  accompanied  by  strong  hydrogen  emission,  it  has  been 
silt; jested  that  the  enhancement  is  due  in  some  unknown  man- 
ner to  the  presence  of  the  hydrogen.  TTic  present  experiments 
render  this  view  improbable.  The  probable  manner  of  the 
l>nwinction  of  enhanced  lines  in  stellar  atmospheres  appears 
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much  clearer  since  the  discharge  of  electrons  from  hot  bodies 
has  been  investigated  for  the  relatively  low  temperatures  of 
the  electric  furnace,  this  action  having  been  shown  to  persist 
at  very  high  pressures.  The  high  stellar  temperatures,  especial- 
ly when  ccHnbined  with  low  pressure,  may  thus  be  expected 
to  duplicate  the  electronic  speeds  obtained  in  the  arc  and  spark 
by  steep  potential  gradients,  a  condition  established  by  much 
evidence  as  favorable  to  the  enhanced  lines. 

The  enhanced  lines  in  the  chromosphere  would  thus  seem  to 
be  due  to  the  rarefied  conditions  at  these  levels  of  the  solar 
atmosphere,  which  would  allow  a  high  speed  to  be  retained  by 
the  electrons  expelled  by  the  heated  matter  betow.  The  strength 
of  the  enhanced  lines  would  also  seem  to  be  a  valuable  criterion 
as  to  the  temperatures  prevailing  in  stars  and  in  different 
regions  of  the  solar  photosphere  at  levels  where  the  electrified 
particles  are  produced.  Thus  the  reduced  strength  of  enhanced 
lines  in  sun-spot  spectra  seems  valid  evidence  of  a  lower  tem- 
perature for  the  photosphere  of  those  regions,  since  such  a 
reduced  temperature,  the  pressure  being  assumed  essentially 
the  same,  would  result  in  the  production  of  lower-speed 
electrons. 

Volume  VII,  Publications  of  the  Lick  Observatory. 

This  volume,  whose  title  is  "Contributions  of  the  Berkeley 
Astronomical  Department  (Students'  Observatory),  University 
of  California,  I,"  is  now  being  distributed  to  the  correspondents 
of  the  Lick  Observatory.  It  comprises  ten  parts,  seven  of 
which  are  devoted  to  the  exposition  of  Leusciiner's  Short 
Methods  of  Determining  Orbits,  and  to  practical  applications  of 
these  methods  to  the  computation  of  the  orbits  of  comets, 
asteroids  and  satellites.  The  theoretical  papers  are  by  Pro- 
fessor A.  O.  Leuschner,  while  the  chapters  giving  the  practical 
applications  are  by  Professor  R.  T.  Crawford,  and  by  assistants 
and  students  in  the  Students*  Observatory. 

The  volume  also  contains  a  paper  "On  Astronomical  Re- 
fraction" by  Professor  Crawford,  and  two  papers  by  Dr,  B.  L. 
Newkirk  entitled,  respectively,  "Tables  for  the  Reduction  of 
Photographic  Measures"  and  "Investigation  of  the  Repsold 
Measuring  Apparatus." 
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l*arts  I,  II  and  III  of  the  volume  were  printed  in  1902;  the 
i"t»llowin^  parts  were  prepared  and  partly  printed  in  subsequent 
years  from  1905  to  1911,  but  lack  of  University  funds  at  the 
State  I^rintinj^  Office  prevented  the  completion  of  the  volume 
until  the  present  time. 

Note  on  Comet  a  1914   (Kritzinger). 

Tlie  first  comet  of  this  year  was  discovered  by  Kritzinger 
at  liothkamp.  (^rmany.  on  March  28th.  From  observations  of 
March  2<)th  by  Kritzinger,  of  March  30th  by  Palisa  in 
\  ienna.  and  of  April  ist  by  Havnes  at  the  Lick  Observatory, 
Mi^^  Sophia  H.  Levy  and  I  derived  the  orbit  of  the  comet. 

(  Hir  results  show  that  it  is  moving  in  a  plane  inclined  23°  36^ 
to  the  plane  of  the  ecliptic.  At  the  time  of  discovery  the  comet 
was  approaching:  both  the  Sun  and  the  Earth.  It  makes  its  near- 
est approach  to  the  Sun  on  the  31st  of  May  at  a  distance  of  1 16.6 
niillion  miles.  Its  closest  approach  to  the  Earth  will  also  be 
in  the  latter  part  of  May.  It  will  come  within  less  than  fifty 
million  miles  of  the  Earth.  The  comet  will  continue  to  increase 
in  brij^htness  until  the  end  of  May  or  first  part  of  June,  when 
it  will  begin  to  fade  away  rapidly. 

The  elements  of  the  orbit,  together  with  an  cphemeris  ex- 
tending to  April  19th,  were  published  in  Lick  Ohsen*atory 
Bulletin,  No.  253.  R.  T.  Crawford. 

Berkklfa'  Astronomical  Department. 
May  16.  1914. 

A  New  Comet. 

Telegrams  received  at  the  Lick  Observatory  on  Monday. 
May  i8th.  announcetl  the  discover)'  of  a  comet  by  M.  Zel.vtin- 
>KV.  an  amateur  astronomer  in  Russia,  and  gfave  observations 
»»t  it  made  on  the  nights  of  May  i6th  and  May  17th  by  M. 
S<  iioRR  and  M.  van  dkr  Hilt,  resi)ectively. 

As  seen  with  the  12-inch  refractor  on  the  evening  of  May 
iSth.  the  comet  appeared  to  be  of  about  the  seventh  magnitude, 
with  a  shaq)ly  marked  disk-like  nucleus  placed  somewhat  north 
<)f  and  preceding  the  center  of  the  coma.  No  definite  evidence 
of  a  tail  was  presented.  The  very  rapid  motion  indicated  that 
the  comet  was  near  the  Earth,  and  this  has  been  confirmed  bv 
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its  rapid  increase  in  brightness.  On  Thursday  night.  May  21st, 
it  was  readily  visible  to  the  unaided  eye,  and  the  telescope 
showed  a  tail  fully  2°  long. 

F^rom  the  observations  of  May  i6th,  T7th  and  i8th,  Craw- 
ford and  Miss  Levy  have  computed  the  following  preliminary 
elements,  which  show  that  the  comet  has  already  passed  its 
nearest  point  of  approach  to  the  Sun  and  is  now  as  near  the 
Earth  as  it  will  come.  Its  brightness  will  probably  diminish 
rather  rapidly. 

ELEMENTS. 
T  =  May  8.38,  1914.  G.  M.  T. 

w  =r 1 16"   22' 
Q  =    32     36 
f  =  ii2    59 
9  =  0.543 


R.    G.    AlTKEN. 


May  22,  1914. 


Personals. 


Dr.  Eli  Stuart  Havnes.  Martin  Kellogg  Fellow  in  the  Lick 
Observatory,  University  of  California,  during  the  current 
academic  year,  has  been  appointed  Associate  Professor  of 
.Astronomy  in  Beloit  College,  Beloit,  Wisconsin. 

Charles  Edward  Adams.  M.  Sc,  F.  R.  A.  S.,  Government 
Astronomer  of  New  Zealand,  the  Hector  Observatory,  Welling- 
ton, has  been  appointed  Martin  Kellogg  Fellow  in  the  Lick 
Observatory  for  the  academic  year  1914-1915. 

Warren  Kimball  Green,  A.  B.,  Harvard  University,  1013, 
has  been  appointed  Fellow  in  the  Lick  Observator>'  for  the 
academic  year  beginning  July  I,  1914. 

Seth  B.  Nicholson,  Instructor  in  Astronomy  in  the  Berke- 
ley Astronomical  Department,  L-niversity  of  California,  is 
spending  the  summer  vacation  in  the  Lick  Observatory'  as  a 
volunteer  observer. 

Dr.  W.  W.  Coble NTZ,  member  of  the  staff  of  the  Bureau 
of  Standards,  Washington,  D.  C,  will  be  a  Special  Investigator 
in  the  Lick  Observatory  during  several  months  this  summer, 
for  the  purpose  of  studying  stellar  radiations  with  the  heln  of 
special  electrical  apparatus  attached  to  the  Crossley  reflector. 
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Dr.  S.  D.  TowNLEY,  of  Stanford  University,  will  be  a  Special 
Investigator  in  the  Lick  Observatory  during  several  months 
this  year.  His  attention  will  be  devoted  to  a  study  of  certain 
interesting  variable  stars. 

Senior  Astronomer  Richard  Hawlev  Tucker,  of  the  Lick 
Observatory  staff,  and  Miss  Ruth  Standen,  of  Toronto, 
Canada,  were  married  on  April  29th,  at  Trinity  Church,  San 
Jose,  California. 

Director  Campbell  and  Astronomer  H.  D.  Curtis  left 
Mount  Hamilton  early  in  June  for  Russia,  where  they  will 
establish  the  observing  station  of  the  Crocker  Eclipse  Expedi- 
tion in  the  vicinity  of  the  city  of  Kiev.  They  expect  to  be  at 
the  observing  station  from  July  21st  to  August  26th,  and  their 
mail  address  during  this  interval  will  be  in  care  of  St.  Peters- 
burger  Internationale  Handelsbank,  Kiev,  Russia.  Director 
Campbeli/s  family  accompanies  him,  and  there  will  be  a  num- 
l>er  of  volunteer  observers  in  the  party.  After  the  work  of 
the  expedition  has  closed  Messrs.  Campbell  and  Curtis  will 
attend  the  meeting  of  the  Astronomische  Gesellschaft  in  St. 
Petersburg  and  Pulkowa.  They  plan  to  return  to  Mount  Ham- 
i!ton  alxnit  October  loth. 


ABSTRACTS  FROM  ASTRONOMICAL 
PUBLICATIONS. 


in  accordance  *with  a  recent  arrangement  the  members  of  the  scientific  staff  of 
the  Lick  Observatory  hold  meetings  once  per  week,  as  an  observatory  duty,  to  report 
upon  and  discuss  the  more  important  articles  appearing  in  the  journals  of  astronomy, 
the  important  new  books  on  astronomical  subjects,  or  subjects  of  current  and  special 
interest  in  the  observatory's  work.  It  has  been  suggested  that  abstracts  of  the 
reports  would  be  of  interest  to  the  readers  of  these  Publications,  and  the  Publication 
Committee  has  acted  favorably  upon  the  suggestion. 

It  is  intended  to  preserve  the  qualities  of  abstracts  as  far  as  possible,  and  to 
restrict  published  criticisms,  favorable  or  unfavorable,  to  a  minimum. 


The  Dense  Flint  and  Light  Flint  Prism. 

The  search  for  the  most  efficient  dispersing  element  for  the 
low-dispersion  spectrograph  of  the  Dominion  Observatory  has 
led  Dr.  Plaskett  to  try  different  kinds  of  glass,  as  well  as  a 
grating.  His  report  in  the  November-December,  1913,  number 
of  the  Jounuil  of  the  Royal  Astronomical  Society  of  Canada 
contains  the  following  points :  The  dense  flint  glass  O  102  most 
frequently  used  for  stellar  spectrographs  is  somewhat  yellow 
and  strongly  absorbing  of  violet  light  beyond  A  4000. 

In  many  early-type  star  spectra  the  K  line  of  calcium  is  the 
best  for  measurement  of  velocity :  and  in  many  other  early- 
type  stars  in  which  only  hydrogen  lines  are  present  greater 
accuracy  would  be  gained  if  a  greater  number  of  hydrogen  lines 
were  available  on  the  spectrograms.  With  the  dense  flint 
prism  the  K  line  can  be  obtained  only  by  over-exposing  the 
region  between  Hfi  and  Hy  and  losing  narrow  lines.  Some 
months  ago  experiments  with  a  plane  grating^  showed  that, 
altho  only  30  per  cent  of  the  light  was  diffracted  into  the  first 
order  spectrum,  the  spectrum  was  more  uniform  in  intensity 
and  stronger  to  the  violet,  but  not  much  improved  at  the  K 
line.  Consequently  it  was  not  greatly  advantageous  to  use  the 
grating  instead  of  the  prism.  Experiments  by  Wilsing  had 
shown  the  light  flint  transmitted  more  than  twice  as  much  K 
lio;ht  as  the  dense  flint.  It  was  therefore  inferred  that  the 
bar}'ta  light  flint  O  122  might  offer  the  improvement  sought. 
A  prism  of  baryta  light  flint  O  722  glass  was  ordered  with 
refracting  angle  of  69°.     When  received  it  was  mounted  with 

^  Puhl.  A.  S.  P..  2R.  306,  Pec.  1913. 
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A  4J00  central.  It  gives  star  spectra  very  uniform  in  intensity 
frmn  ///S  to  much  beyond  K  in  remarkably  less  exposure  time. 
The  <Ii*<|)ersion  is  55  angstroms  to  the  millimeter,  which  is  three 
htth>  of  the  dispersion  of  the  dense  flint  prism;  but  it  could 
be  made  the  same  by  using  a  camera  of  greater  focal  length. 
I 'or  e<|ual  dispersions  the  relative  exposures  of  the  light  flint 
t«>  the  dense  flint  prism  are  found  to  be.  for  Hfi  A  4861,  fro  per 
cent,  and  for  A.'  A  3933.  26  per  cent.  An  exposure  on  early- 
ty|>e  stars  of  half  that  with  the  dense  flint  prism  secures  six 
hydrogen  lines  beyond  Ht  of  sufficient  intensity  to  be  meas- 
ure* I.  whereas  H(,  the  first  of  the  six.  is  not  measurable  on 
s|)cctrograms  taken  with  the  dense  flint  prism. 

The  smaller  disf>ersion  and  longer  camera  would  theoretic- 
ally diminish  the  resolving  power  and  definition  of  the  spec- 
tn»graph.  but  this  would  have  practically  no  effect  on  most 
early-tyf>e  si>ectra  the  lines  of  which  are  generally  wide,  broad. 
<»r  diffu«ie.  It  is  obvious,  therefore,  that  the  light  flint  prism 
has  much  advantage  over  the  dense  flint  prism,  both  by  in- 
creaNJng  the  extent  of  uniform  intensity  and  the  number  of 
measurable  lines  and  by  diminishing  the  exposure  time. 

G.  F.  Padpkkk. 

>(arch.  I9!4.  

THK   \VAVE-LENf;TH   OF  X-RaYS   AND   ANALYSIS  OF  CRYSTALS. 

It  was  recently  found  by  I-.ME  that  X-Rays  or  the  hetero- 
geneous radiation  from  the  anti-cathode  of  a  vacuum  bulb. 
couM  be  reflected  by  crystals  and  photographs  made  of  the 
reflected  radiation.  The  photographs  showed  a  central  spot 
Nurrounde<l  by  numerous  smaller  and  fainter  sf>ots  in  various 
geometrical  arrangements,  depending  upon  the  kind  of  cr>'stal. 
The  figures  have  been  called  Laif/s  diffraction  patterns.  Sub- 
'^•quently  W.  H.  RRAr.r.*  of  Leeds  and  W.  L.  Bragg  of  Cam- 
bridge devised  the  X-Ray  spectrometer,  similar  to  a  light 
sf)cctrometer.  The  crystal  is  mounted  on  a  rotating  table.  \ 
lead  bl(x:k  acting  as  a  diaphram  takes  the  place  of  a  colli- 
mator. .An  ionization  chamber  takes  the  place  of  a  telescope 
or  camera.  With  this  instrument,  they  used  homogeneous 
m<liation  from  anti-cathodes  of  platinum,  palladium  and  rho- 
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dium.  They  found  that  the  reflected  radiation,  whose  intensity 
is  indicated  by  amount  of  ionization,  is  of  two  forms — contin- 
uous and  selective.  The  latter  consists  of  groups  of  points 
of  increased  intensity  corresponding  to  particular  angles  of 
reflection.  These  points  or  peaks  in  the  intensity  curves  are 
found  to  satisfy  the  formula — 

n\  =  2d  sin  0, 

in  which  S  is  the  angle  of  reflection  determined  by  the  relative 
position  of  crystal  and  ionization  chamber ;  d  the  distance  be- 
tween the  successive  planes  in  which  molecules  or  atoms  are 
arranged  in  a  crystal,  determined  by  means  of  the  atomic  weight 
and  density  of  the  crystal ;  A  the  wave-length ;  n  a  whole  num- 
ber pertaining  to  the  particular  group  of  intensity  peaks  and 
corresponding  to  successive  orders  of  diffraction  spectra. 

By  means  of  this  formula  the  wave-length  A  may  be  de- 
termined. The  form  of  the  intensity  curve  and  the  value  of 
A  are  found  to  vary  with  the  nature  of  the  anti-cathode  and 
to  be  typical  of  the  substance.  Each  metal  seems  to  have  an 
X-Ray  spectrum  just  as  each  has  a  light  emission  spectrum. 
The  principal  wave-lengths  measured  in  tenth-meters  or  ang- 
stroms, which  are  one-ten-billionth  part  of  a  meter,  have  been 
found  for  a  few  metals.    For  example : — 

Platinum,  i.io  X  lo-*®  Angstroms,  with  rock-salt  cr>'Stal. 
Palladium,  0.576  X  10-^^  Angstroms,  with  diamond  crystal. 
Rhodium,     0.607  X  lo-***  Angstroms,  with  diamond  crystal. 

The  X-Ray  wave-length  is  then  of  the  same  order  as  the 
unit  of  light  wavt-length  measurement — one  Sngstrom.  Since 
the  distance  between  atoms  is  of  the  order  of  100  angstroms, 
so  that  the  size  of  atoms  is  less  than  100  angstroms,  it  is 
probable  that  their  size  is  more  or  less  the  same  as  the  infini- 
tessimal  magnitude  of  the  X-Ray  wave-length.  This  would 
be  the  case  if  the  observed  reflection  of  X-Rays  is  produced 
by  their  diffraction  by  the  lines  of  atoms  formed  by  crystaliza- 
tion.  In  fact.  Professor  Bragg  has  concluded  that  the  elements 
of  crystalline  structure  have  geometrical  forms  such  as  cubes 
and  rhombohedrons,  etc.,  with  the  atoms  at  their  comers,  in 
their  centers,   in  the  center  of  their  faces,  etc.     The  atoms 
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thu>  form  in  effect  parallel  lines  in  parallel  planes,  which  act 
in  a  manner  similar  to  the  hnes  in  the  plane  grating.  In  fact, 
the  reflection  of  the  X-Rays  evidently  takes  place  within  the 
cr>  stal  and  not  on  the  crystal  faces. 

Professor  Hracu;  has  arrived  at  these  conclusions  as  a  result 
of  the  cr>stal  analysis  made  iK>ssible  by  the  X-Rays  and  the 
sjK'Ctrometer.  For  example,  taking  the  crystal  of  rock-salt, 
whose  molecules  are  composed  of  equal  numbers  of  atoms 
of  sodium  and  of  chlorine,  the  analysis  leads  to  the  idea  of  a 
cube  with  four  atoms  of  sodium  at  four  comers,  which  are  in 
thagonal  relation  to  one  another,  and  four  atoms  of  chlorine 
at  the  other  four  comers  which  are  in  diagonal  relation  to  one 
another.  Obviously,  planes  fomied  by  the  opposite  faces  con- 
tain the  same  kind  and  numbers  and  arrangement  of  atoms; 
hut  planes  cutting  the  cubes  and  their  faces  diagonally  contain 
altemately  only  scKlium  and  only  chlorine  atoms.  It  is  found 
from  various  kinds  of  crjstals  that  these  different  systems  of 
planes  give  spectra  either  all  alike  or  altemately  alike,  or 
repeating  groups  of  varying  spectra.  For  instance,  diflfcrent 
atoms  of  different  atomic  weight  or  different  arrangements  give 
different  forms  and  different  intensities  in  their  s|)ectr^.  If 
then  a  sufficient  number  of  planes  of  different  orientations  be 
examined  so  as  to  give  the  exact  spacing  and  relative  masses 
of  the  planes  or  atoms,  a  solution  of  the  geometrical  arrange- 
ments may  be  obtaine<l.  Thus  the  atomic  structure  of  any 
crystal,  however  complicated,  may  be  investigated  an<l  delin- 
eate<l.  It  is  found  that  the  molecular  element  of  the  diamond 
is  a  cube  with  atoms  of  carbon  at  every  comer  and  in  the 
center  of  each  face:  that  of  sulphur  is  an  oblong  or  ortho- 
rhombohedron  with  atoms  of  sulphur  at  ever}'  comer  and  in 
the  centers  of  the  en<l  faces  only :  that  of  quartz  is  a  hexagonal 
parallelopipidon  with  atoms  at  each  of  the  twelve  corners  and 
in  the  centers  of  the  hexagonal  faces  ;  that  of  calcite  or  calcium 
r-t-lK>nate  is  a  rhomlK>hcdron  with  atoms  of  calcium  at  every 
corner  and  in  the  center  of  ever\'  face:  atoms  of  carlx^n  at  the 
nM<MIe  fH)int  of  every  vil^^c,  and  atoms  of  oxygen  on  certain 
line'^  joining  certiin  carlnm  atoms.  The  latter  is  an  ex:un!>lc 
#»f  the  complexity  that  cr>stals  may  possess. 

March.  1914-  ^'-  ^-  Padokk. 


GENERAL  NOTES. 


Reinforced  Concrete  and  SIllI  Dome  Struck  by  IJj^htning, 
— To  astronomers  especially  and  to  aZt  those  interested  in 
reinforced  concrete  construction,  where  lightning  is  prevalent. 
its  effect  on  such  structures  is  of  interest. 

On  the  afternoon  of  January*  2tl  the  jnst-completed  (but 
unpainted)  dome  for  the  astrographic  telescope  was  struck 
by  lightning  during  a  very  heavy  thnnder-storm,  A  workman 
in  the  yard  of  the  Oficina  Meteorologica,  about  loo  meters 
distant,  was  facing  the  dome  antl  saw  the  bolt  strike.  He 
described  it  as  "descending  to  the  lightning-rod  in  a  single 
ray,  but  immediately  after  the  entire  dome  was  covered  with 
sparks/' 

One  of  our  workmen  was  in  the  (ioine  at  the  time  cleaning 
the  running  gear,  but  felt  nythin*=f.  Nor  can  any  signs  of 
sparks  or  damage  be  found. 

The  fuses  on  the  power  circnit,  which  passes  close  lo  the 
dome,  were  blown  by  this  flash.  The  light  circuit  was  cut 
several  times  during  the  heaviest  nf  the  storm,  all  probably 
by  induced  currents. 

The  walls  of  the  dome  are  strongly  reinforced  with  I-l>eani^ 
and  twisted  iron  rods.  The  grovmding  of  the  lightmng-rod 
is  effected  by  a  short  length  of  three-eighth  copper  cable, 
which  connects  the  rail  on  which  the  dome  rotates  to  one  of 
the  vertical  three-inch  I-beams  in  the  corners  of  the  walls. 
The  dome  is  covered  with  heavy  galvanized  iron  riveted  directly 
to  the  frame. 

The  derrick  used  in  construction,  the  top  of  which  was  about 
two  feet  higher  than  the  top  t>i  the  lightning-rod.  wa^  mU 
standing.  What  part  it  played  in  carrjnng  the  discharg«  h 
uncertain.  The  grounding  of  the  wire  giiys  was  not  gowl, 
however. 

The  top  of  the  dome  is  about  forty-two  feet  above  the  sur- 
face of  the  ground  and  of  the  lightning-rod  forty-five  feet. 

C.  D.  Perrixe. 

Observatorio  Nacional  Argentino, 
Cordoba,  February  8,  1914. 
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The  Retirement  of  Professor  S.  \V.  Burnham. — It  is  stated 
in  Scietice  that  Professor  S.  \V.  Bl'RNHAm,  of  the  staff  of 
the  Yerkes  Observatory,  will  retire  on  July  i,  1914.  This 
will  close  the  active  work  of  one  of  the  most  remarkable 
astronomical  observers  of  modem  times. 

It  was  in  1861  that  Burn  ham  purchased  his  first  astro- 
nomical telescope,  and,  in  a  sense,  it  may  be  said  that  his 
observational  work  began  at  that  time.  But  the  six-inch  Gark 
refractor  which  he  made  famous  was  not  ordered  until  1869, 
and  the  first  new  double  star  discovered  that  is  retained  in  his 
catalogs  (  H  40)  was  found  with  this  telescoi)e  on  the  night 
of  April  27,  1870. 

The  work  Burnham  accomplishetl  with  this  telescof>e 
marke<l  a  new  epoch  in  the  history  of  double-star  astronomy, 
and  put  him  in  the  front  rank  of  observers.  No  less  than  451 
new  double  stars,  many  of  them  more  difficult  than  any  pre- 
viously found,  were  discovered  with  it.  His  later  work  with 
other  and  larger  telescopes  was  equally  successful,  and  he  well 
deserves  the  tribute  Campbell*  has  paid  him  in  saying:  "It 
was  he  who  first  developed  the  full  power  of  modem  tele^opes 
in  double-star  discovery  and  measurement."  Burn* ham's 
work,  however,  has  not  been  confined  entirely  to  observations 
of  double-stars.  He  has  published  numerous  papers  giving 
the  results  of  his  studies  of  individual  stars  and  two  great 
general  catalogs,  one  of  his  own  discoveries  and  one  contain- 
ing a  concise  but  complete  history  of  ever)'  double  star  within 
121  ^  of  the  north  pole  which  had  been  discovered  prior  to  K)o6. 

Campbei-L  concludes  the  sentence  quoted  above  by  saying, 
**and  his  fmitful  researches  still  continue."  It  is  the  earnest 
hope  of  ever>'  one  interested  in  double-star  astronomy  that, 
notwithstanding  Br rn ham's  retirement  from  active  (>h>erv- 
ing,  we  may  long  be  able  to  say  this  of  him.  R.  G.  A. 


Mis«s  An.vie  J.  Cannon  of  the  Harvard  College  rHistrvaion,* 
has  l)een  elected  an  honorary-  mcinljcr  of  the  Royal  Astro- 
noiTiical  Society  of  Ijmdon,  Miss  Cannon  is  in  charge  oi  the 
great  librar\'  of  astronomical  photographs  which  the  ob-erva- 
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tory  possesses  and  is  at  present  engaged  in  making  a  com- 
prehensive catalog  of  stellar  spectra.  With  reference  to  this. 
Professor  E.  C.  Pickering  make  the  following  statement  in 
his  address  as  President  of  the  American  Association  for  the 
Advancement  of  Science,  at  Atlanta,  December  29,  1913: 
"During  the  last  two  or  three  years  a  great  demand  has  arisen 
for  the  class  of  spectrum  of  large  numbers  of  stars.  The 
Harvard  photographs  show  the  class  of  spectrum  of  nearly 
two  hundred  thousand  stars.  Miss  Cannon  has,  accordingly, 
undertaken  to  prepare  a  catalog  of  these  objects,  with  the  result 
that  she  has  already  classified  about  one  hundred  and  fifteen 
thousand  spectra,  covering  more  than  one  half  of  the  sky.  The 
work  is  progressing  at  the  rate  of  five  thousand  stars  monthly, 
and  the  results  will  fill  seven  of  the  large  quarto  Annals  of 
the  Harvard  Observatory.  The  organization  of  this  work  has 
required  the  most  careful  application  of  the  principles  of  scien- 
tific management." 


The  William  Ellery  Hale  Lectures  of  the  National  Academy 
of  Sciences  were  inaugurated  by  Sir  Ernest  Rutherford,  of 
the  University  of  Manchester,  England,  who  spoke  in  the 
auditorium  of  the  National  Museum,  Washington,  D.  C.  on 
April  21  and  April  23,  1914,  on  the  general  subject  of  the 
"Constitution  of  Matter  and  the  Evolution  of  the  Elements/' 

It  is  the  design  of  these  lectures,  which  were  founded  in 
memorA*  of  the  late  William  Ellery  Hale  of  Chicago,  "to 
give  a  clear  and  comprehensive  outline  of  the  broad  features 
of  inorijanic  and  organic  evolution  in  the  light  of  modem 
research." 

"The  second  course  in  the  FAolution  Series  will  be  given  at  the  next 
autumn  meeting  of  the  Academy  by  Dr.  William  Wallace  Campbell, 
Director  of  the  Lick  Observatory,  Mount  Hamilton,  California.  Pro- 
vided with  his  raw  material,  as  it  were,  by  Sir  Ernest  Rutherford, 
Dr.  Campbell  will  sketch  the  various  types  of  bodies  which  make  up 
the  universe,  describe  their  connection  in  systems,  and  explain  the  prin- 
cipal theories  of  stellar  evolution.  His  object  will  be  to  show  how 
stars  and  stellar  systems  are  gradually  evolved  from  an  earlier  state 
and  to  afford  a  view  of  the  Earth  in  its  first  phases  of  development.  In 
this  way  the  intimate  relationship  of  the  Earth  with  the  Moon  and  the 
other  bodies  of  the  solar  system  will  be  made  apparent,  as  well  as  the 
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c*»ntinuity  of  the  process  which  connects  the  present  with  the  remote 
past.  Dr.  Campbeix  will  introduce  some  of  the  results  of  his  extensive 
rocarches  with  the  powerful  instruments  of  the  Lick  Observatory 
and  \%ill  employ  a  large  collection  of  astronomical  photographs  for 
pMrjHfscs  of  illustration. 

"A  distinguished  European  geologist  will  be  invited  to  give  the  third 
cfMifNC  of  lectures  at  the  annual  meeting  of  the  Academy  in  191 5. 
lakiiiK  the  Karth  from  the  hands  of  the  astronomer,  he  will  show  how 
its  *.nrtace  features  have  l»ccn  altered  in  the  pr(Kcss  of  time.  Later 
Ircmres.  preserving  the  continuity  of  the  scries,  will  then  enter  the  held 
i»f  organic  evolution  and  illustrate  the  bearing  of  recent  investigations 
m  paleontology,  zoology  and  botany  on  the  evolution  of  plant  and 
anininl  life.  The  evolution  of  man  will  form  the  subject  of  a  subse- 
qutni  course,  and  the  series  will  close  with  an  account  of  the  rise  of 
the  c.t flier  civilizations,  coming  into  touch  with  the  modern  times  in 
the  hic  of  the  Xile  Valley." 


Professor  Frkdkrick  Slckim  has  been  elected  professor  of 
astronomy  at  We.sleyan  L'niversity,  Middletown,  Conn.  He 
will  also  be  the  director  of  the  new  observatory  there  that  is 
tt)  l>e  built  during  the  coming  year.  According  to  a  note  in 
Poptflar  Astronomy,  this  observatory  is  to  be  erected  from  a 
be<]iiest  of  $rx3.ooo  by  Joseph  Van  Vlfxk.  and  is  to  be  a 
memorial  to  his  brother.  Professor  J.  M.  \\\n  Vlfxk,  who 
was  at  the  head  of  the  astronomical  department  at  Wesleyan 
for  many  years. 


Dr.  Edward  A.  F.vth  has  resigned  his  position  as  professor 
of  astronomy  at  Beloit  College  to  accept -the  presidency  of 
Redfield  College.  South  Dakota.  His  successor  at  Beloit  will 
be  Dr.  E.  S.  Haynks.  who  at  present  holds  the  Martin  Kellogg 
Fellowship  in  the  Lick  Observatory.  Dr.  Havnf-S  will  enter 
\\\\*m  his  new  duties  at  the  beginning  of  the  autumn  semester 
of  this  year. 


"Professor  A.  S.  EDDixirro.N  has  been  elected  director  of 
the  Cambridge  Observatory'  in  succession  to  the  late  Sir 
RtniERT  I»ali-.  Readers  who  are  unfamiliar  with  Cambridge 
arc  likely  to  find  the  recent  reorganization  of  the  astronomical 
work  there  somewhat  confusing.  The  university  now  fX)ssesses 
two  <»l)servatories.  which,  however,  stand  in  the  same  grounds. 
The  one  dey«)ted  mainly  to  astronomy  of  position  is  called 
>iini»ly  'the  observatory/  and  it  is  to  this  that  the  aboye  apfwint- 
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ment  relates.  The  other  is  the  solar  physics  observatory, 
which  includes  also  the  astrophysical  work;  this  is  under  the 
direction  of  the  professor  of  astrophysics,  Professor  H.  F. 
Newall." — The  Observatory. 


Attention  was  called  in  an  earlier  number  of  these  Publico^ 
tions  to  the  "Monthly  Report  on  Mars/'  which  is  being  pub- 
lished by  Professor  W.  H.  Pickering  in  Popular  Astronomy. 
The  fifth  report  appears  in  the  May  number  of  that  periodical 
and  cpntains  a  very  interesting  discussion  of  the  double  canals 
of  Mars. 


Mr.  Storrs  B.  Barrett  has  been  elected  assistant  professor 
at  the  Yerkes  Observatory,  and  Mr.  Oliver  J.  Lee  instructor 
in  astronomy  at  the  University  of  Chicago.  —  Popular 
Astronomy. 


Professor  S.  A.  Mitchell,  director  of  the  Lander  Mc- 
Cormick  Observatory  of  the  University  of  Virginia,  has  been 
appointed  Ernest  Kempton  Adams  Research  Fellow  of  Colum- 
bia L^niversity  for  1914-1915. 


The  Bradley  Prize. — It  is  announced  that  the  money  sub- 
scribed in  connection  with  the  jubilee  celebration  of  Dr. 
Arthur  Auwers  has  been  handed  over  to  the  Berlin  Academy 
of  Science  for  the  foundation  of  a  Bradley  Prize.  The  prize 
is  to  be  awarded  for  the  first  time  in  1918  and  at  inter\'als  of 
five  years  thereafter. 


Announcement  is  ma^^^  \^  Science,  of  the  death  of  Dr. 
George  William  Htll.  the  great  mathematical  astronomer,  to 
whom  the  Society  awarded  the  Bruce  Medal  in  1909. 
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NOTE  ON   THE  RADIATION   FROM   STARS. 


By  W.  W.  Coblentz. 


The  termination  of  the  present  investigation  marks  a  new 
efMX'h  in  radiometrj',  especially  as  applied  to  the  measurement 
of  weak  radiations.  It  makes  available  to  the  astronomer  one 
more  instrument  for  the  investigation  of  celestial  objects.  This, 
of  course  is  not  the  first  attempt  to  measure  the  radiation 
I  'heat* )  from  stars.  The  previous  ones  were  the  stepping- 
stones  which  gave  positive  indications  of  heat  from  stars. 

We  "see'*  the  stars  with  our  eyes,  and  it  goes  without  saying 
that  when  we  can  produce  instruments  which  are  proportion- 
ately sensitive  to  the  eye,  we  shall  be  able  to  measure  the 
"light,"  the  radiations,  emitted  by  stars. 

The  present  instrument  (a  thermo-element)  is  perhaps  a 
hundred  times  as  sensitive  as  some  of  the  radiometers  used  in 
previous  attempts  at  the  measurement  of  stellar  radiation.  With 
it  quantitative  measurements  were  made  on  stars  down  to  the 
fifth  magnitude  and  highly  qualitative  measurements  were  made 
on  stars  down  to  the  seventh  magnitude. 

At  various  times  during  the  past  three  or  more  years  stellar 
thermopiles  were  constructed.  In  the  early  attempts  several 
thermojunctions  were  placed  in  a  small  space — about  i""  in 
diameter.  As  I  became  more  familiar  with  the  astronomical 
side  of  the  problem  and  realized  that  a  star  image  at  best  is  a 
mere  point  of  light,  the  mode  of  construction  was  entirely 
reversed.  The  utmost  simplicity  of  construction  was  under- 
taken. Instead  of  several  thermojunctions  (a  "thermopile")  a 
single  thermoelement  is  now  employed.     The  materials  used 
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(bismuth  and  platinum ;  or  bismuth  and  an  alloy  of  bismuth  and 
3  per  cent  tin)  are  of  the  smallest  workable  dimensions  to  re- 
duce the  heat  capacity.  In  fact,  the  sensitivity  attainable  de- 
pends more  upon  low  heat  capacity  and  low  heat  conductivity 
than  upon  the  thermo-electric  power  of  the  material  used. 

The  receivers  attached  to  the  thermojunctions  were  0.3°" 
to  0.4""  in  diameter.  From  two  to  three  of  these  thermo- 
elements were  mounted  in  a  glass  receptacle  (shown  in  Figure 
I,  £)  and  the  best  element  was  used  in  making  the  measure- 
ments. The  air  was  exhausted  through  the  stop-cock,  S. 
The  last  traces  of  air  were  absorbed  by  heating  metallic  calcium, 
Ca,  contained  in  a  quartz-glass  tube.  The  vacuum  was  tested 
by  joining  the  terminals,  F,  to  an  induction  coil.  The  rays  from 
a  star,  after  reflection  from  the  mirror  pass  through  the  fluorite 
window,  F,  and  are  brought  to  focus  on  the  receiver,  E.  The 
rear  side  of  the  receptacle  is  covered  with  a  thick  piece  of 
plate  glass,  G,  thru  which  is  made  the  adjustment  of  the  star 
image  upon  the  thermoelement.  The  whole  is  mounted  in  a 
metal  box  {B,  Figure  2),  which  is  attached  to  the  photographic 
plate  holder  of  the  reflector  by  means  of  the  two  screws,  S, 
An  absorption  cell  of  water,  i^"  in  thickness,  is  contained  in 
the  hinged  metal  box,  A.  The  metal  box,  L,  containing  the 
right-angled  prism  and  a  lens  for  viewing  the  star-image  from 
the  side  of  the  telescope  tube,  are  the  regular  attachments  to 
the  Crossley  reflector.  The  whole  is  mounted  in  the  central 
axis  of  the  reflector,  with  the  glass  tube  pointing  downward 
toward  the  large  reflecting  mirror.  These  attachments  were 
constructed  in  Washington,  D.  C,  and  carried  to  Mt.  Hamilton, 
Cal.,  a  distance  of  over  3,100  miles  without  serious  mishap.  A 
vacuum  pump  was  shipped,  but  it  was  not  unpacked.  The 
equipment  consisted  of  two  glass  holders  as  shown  in  Figure 
I.  The  slight  vapors  given  oflF  from  the  cement  and  stop-cock 
grease  were  removed  by  occasionally  heating  the  calcium  by 
means  of  a  small  alcohol  blast  lamp. 

The  electric  current  generated  by  the  thermoelement,  when 
a  star  image  was  focused  upon  one  of  the  receivers,  was  meas- 
ured by  means  of  an  iron-clad  Thomson  galvanometer,  shown 
in  Figure  3.  In  the  galvanometer  the  coils  are  imbedded  in 
blocks  of  Swedish  iron.     One  of  the  outer  iron  shields   (of 
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transformer  iron)  is  shown  in  Figure  3.  The  galvanometer 
stood  upon  the  south  pier,  which  supports  the  reflector.  Only 
when  the  telescope  was  pointed  low  to  the  northern  sky,  which 
brought  the  lower  end  of  the  telescope  tube  close  to  (within 
one  meter  of)  the  galvanometer,  did  the  rotation  of  the  teles- 
cope affect  the  galvanometer.  A  galvanometer  reading  could 
be  obtained  in  three  to  four  seconds. 


FIGURE  3. 

The  mirror  of  the  Crossley  reflector  is  534''"  in  focal  length 
and  it  has  an  aperture  of  92^™.  The  support  for  the  plate 
holder  is  22*^™  in  diameter.  In  other  words,  the  central  position 
of  the  mirror,  22*^"  in  diameter,  is  shadowed  by  the  plate-holder. 

The  thermoelement  differs  from  the  selenium  and  photo- 
electric cells,  first,  in  that  it  is  non-selective  to  the  rays  of 
different  frequencies  falling  upon  it,  i.  e.  it  absorbs  all  the 
radiations  of  all  frequencies  falling  upon  it,  and,  second,  in 
that  the  response  to  the  stimulus  (the  heating  effect)  is  propor- 
tional to  the  energy  falling  upon  it.  It  is  an  instrument  adapted 
to  quantitative  measurements  of  radiant  energy.  It  is  far  less 
sensitive  than  the  selenium  cell.    The  latter  is,  of  course,  not 
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adapted  to  solving  some  of  the  problems  discussed  on  a  sub- 
sequent page. 

From  this  brief  description,  it  is  evident  that  one  of  the 
princi[)al  achievements  is  in  demonstrating  that  with  an  equip- 
ment of  several  thermoelements  mounted  in  evacuated  recep- 
tacles, one  can  go  to  the  remotest  station  for  radiation  measure- 
ments without  taking  a  cumbersome  vacuum  pump. 

The  whole  work  being  merely  a  preliminary  survey  to  deter- 
mine what  is  possible  by  way  of  observing  spectral  energy 
curves  of  stars,  no  special  pier  was  provided  for  the  galvan- 
ometer, and  no  attempt  was  made  to  attain  a  high  galvanometer 
sensitivity.  In  fact,  the  current  sensitivity,  which  was  of  the 
order  of  1  r=:  2  X  io~**  ampere,  did  not  exceed  that  usually 
employed  at  the  Bureau  of  Standards. 

RESULTS    OF   THE    RADIATION    ME.\SUREMENTS. 

The  data  obtained  on  stellar  radiation,  by  means  of  these 
in*»truments,  are  too  extensive  to  |)erniit  a  detailed  description 
in  this  brief  note.  The  radiation  from  over  one  hundred  celes- 
tial objects  has  been  measured.  No  measurements  were  at- 
tempted on  stars  of  less  than  the  seventh  magnitude,  owing  to 
the  difficulty  (lack  of  illumination)  in  projecting  the  star- 
image  centrally  upon  the  receiver.  Furthermore,  it  was  not 
a[>{)arent  that  much  would  be  achieved  in  this  preliminary 
work  by  so  doing.  The  humidity  during  the  summer  nights  on 
Mt.  Hamilton  falls  below  10  per  cent  and  any  slight  variations 
in  humidity  have  a  marked  effect  upon  the  radiometric  meas- 
urements. es|>ecially  upon  red  stars,  which  have  the  property  of 
emitting  a  great  amount  of  infra-red  radiation. 

As  standards  of  radiation  for  intcrcomparing  the  observa- 
tions, made  on  different  nights,  Arcturus^  i'^I^o»  Altair,  y  Dra- 
amis,  and  other  stars  were  used. 

After  observing  for  several  nights,  it  was  found  that  the  red 
stars  emitted  far  more  radiation  than  the  blue  ones  having  the 
same  visual  magnitude,  and  attention  was  given  mainly  to  the 
solution  of  this  question.  Accordingly  stars  were  selected  hav- 
ing the  same  magnitude,  but  differing  in  color ;  and  which  were 
close  together  to  eliminate  the  effect  of  air  mass. 
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As  the  work  progressed,  it  became  a  rather  histinctive  feel- 
ing to  avoid  the  blue  stars  of  less  than  the  fourth  magnitude, 
owing  to  the  difficulty  of  measuring  their  radiation.  But  if 
this  had  been  merely  an  attempt  to  show  the  possibilities  of  the 
instruments,  then  by  selecting  red  stars,  and  by  increasing  the 
galvanometer  sensitivity,  positive  indications  could  have  been 
obtained  of  radiation  from  stars  of  the  eighth  to  ninth  mag- 
nitude. That,  however,  would  simply  be  a  spectacular  achieve- 
ment, and  under  the  present  conditions  of  observation,  could 
not  contribute  much  to  science. 

The  detailed  data,  which  have  been  accumulated,  will  be 
published  elsewhere  as  soon  as  possible.  A  general  survey  of 
the  data  at  hand  indicates,  first,  that  the  individual  stars  of 
any  given  spectral  class  (say  Class  F),  having  the  same  photo- 
metric brightness,  differ  in  the  amount  of  energy  emitted. 
This  is,  of  course,  to  be  expected,  for  no  two  stars  can  be 
expected  to  have  exactly  the  same  emissivity.  Furthermore, 
their  size,  density  and  chemical  constitution  are  no  doubt  vastly 
different.  Second,  the  stars  of  different  spectral  classes  (e.  g. 
Gass  B  as  compared  with  Class  M)  differ  greatly  in  emissivity. 
The  blue  stars  (Class  B,  A)  radiate  much  less  energy  (perhaps 
so  per  cent  less)  than  the  solar  stars  (Qass  F,  G),  and  the 
latter,  in  turn,  emit  a  less  amount  of  energy  than  the  red  stars 
(Class  M).  The  stars  of  Class  M  in  general  no  doubt  emit 
less  energy  than  do  the  stars  of  Qass  N.  The  star  <j>  Pcgasi, 
Mag.  =  5.23,  Class  Ma,  gave  a  deflection  of  2.8°*",  while  the 
much  redder  star,  ig  Piscium,  Mag.  =  5.30,  Class  N,  gave  a 
deflection  of  5.7°*°*.  Only  one  star  of  Qass  N  was  conveniently 
placed  for  observation ;  but  from  the  observations  on  numerous 
stars  of  Qass  M  as  compared  with  blue  and  yellow  stars  of 
the  same  magnitude,  it  is  to  be  expected  that  stars  of  Qass  N 
will  be  found  to  have,  as  a  general  rule,  the  highest  emissivity 
of  all.  Among  all  the  data  thus  far  accumulated,  there  are  no 
exceptions  to  this  general  classification. 

In  Class  M  two  stars  (fi  Pegasi  and  o  Herculis)  are  conspic- 
uous for  what  may  be  termed  an  excessive  total  radiation,  as 
compared  with  their  photometric  brightness.  Instead  of  caus- 
ing a  galvanometer  deflection  of  only  a  few  millimeters  they 
produced  a  deflection  of  two  to  three  centimeters. 
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Of  the  double  stars,  measured  radiometrically,  the  star 
y  Andromed(P  is  an  excellent  example.  The  star  A  (Mag.  = 
2.28 )  belongs  to  the  Class  K,  and  the  component,  BC  ( Mag.  == 
5-1 )  is  blue.  The  intensity  of  the  radiation  from  the  latter  is 
l)erhaps  only  about  one  half  that  observed  from  the  red  star 
H,  R.  7r)76Draf(>ww  (Qass  Ma),  which  has  a  photometric 
magnitude  of  5.4. 

To  some,  of  course,  the  information  gained  radiometrically  is 
not  unexpected.  The  pioneering  work  of  Nichols,  some  14 
years  ago,  showed  that  \\^ga  and  Arcturus,  which  have  closely 
the  same  visual  magnitude, differ  greatly  in  their  total  radiation. 
He  found  the  ratio  of  their  emission  (Arcturus  to  Ve^i^a)  to  be 
2.2.  My  own  observations,  for  different  atmospheric  condi- 
tions, give  a  value  of  2.42  for  the  relative  intensities  of  the 
ra<liation  from  Arcturus  and  J'ega,  Of  course  no  conclusions 
could  be  drawn  from  observations  on  a  single  pair  of  stars,  and 
the  present  generalization,  which  is  based  upon  the  measure- 
ment of  over  five  score  celestial  objects,  may  also  eventually 
reijuire  modification.  Thus  far,  however,  no  exceptions  have 
been  found  under  the  conditions  imposed,  viz.,  first,  stars  close 
t<>gether  to  eliminate  the  question  of  air  mass;  second,  stars  of 
the  same  visual  brightness  but  differing  in  color.  It  was  found 
that  the  red  stars  suffer  the  greatest  absorption  by  water  vapor, 
as  was  to  be  expected ;  but  since  they  are  observed  to  emit  the 
most  radiation  the  conclusions  drawn  are  not  invalidated. 

The  total  radiation  received  from  a  star  is  a  function  of  its 
size,  distance,  temperature,  and  especially  of  its  emissivity. 
The  latter  is  a  function  of  the  kind  and  the  physical  condition 
of  the  material  which  forms  the  radiating  layer  of  the  stellar 
surface.  To  eliminate  the  effect  of  the  size  and  the  distance  of 
a  star  upon  the  quality  of  the  radiations  received,  measurements 
were  made  in  which  the  stellar  rays  were  passed  thru  a  layer 
of  water  i^  in  thickness.  The  water  absorbs  all  the  infra- 
red rays  of  wave-lengths  greater  than  1.4  /*,  and  gives  a  rough 
comparison  of  the  distribution  of  energy  in  the  spectrum.  The 
ratio  of  the  galvanometer  deflection  caused  by  the  stellar  rays 
falling  upon  the  thermoelement  after  passing  thru  the  water 
(  i.  c.  those  rays  which  are  transmitted  by  the  cell  of  water)  to 
the  deflection  caused  by  all  the  stellar  rays  collected  by  the 
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mirror  and  concentrated  upon  the  thermoelement,  gives  the 
''transmission"  If  the  total  radiation  from  a  red  star  contains 
more  infra-red  rays  than  does  the  total  radiation  from  a  blue 
star,  then  the  amount  transmitted  by  the  water  cell  will  be  less 
for  the  red  than  for  the  blue  star.  This  is  the  true  condition  of 
affairs,  as  may  be  noticed  in  Table  I,  which  gives  the  per- 
centage of  the  total  energy  falling  upon  the  thermopile,  which 
is  transmitted  by  the  water-cell,  for  red,  yellow,  and  blue  stars. 

TABLE    I. 

^f  r>      »  Transmission  thru 

Class  B,  A —  water-celL 

aLyrce,  A    58% 

a  Aquila,  As    69 

Class  F,  G,  K— 

a  Auriga,  G 48 

o  Bootis,  K  45 

a  Tauri,  K*  • 35 

7  Draconis,  K3  32 

Class  M— 

/3  Pegasi,  Mb 29 

a  Scorpii,  Map   27 

a  Herculis,  Mb 21 

From  this  table  it  may  be  seen  that  as  much  as  60  per  cent  of 
all  the  radiations  coming  from  a  blue  star,  lies  in  the  spectral 
region  to  which  the  eye  is  sensitive,  while  only  from  20  to  30 
per  cent  of  the  total  radiation  received  from  a  red  star  affects 
the  eye  and  the  photographic  plate.  This  brings  out  very  clear- 
ly why  it  is  that  a  red  star  of  the  same  visual  magnitude  as  a 
blue  star  (causes  a  larger  galvanometer  deflection)  emits  from 
two  to  three  times  as  much  total  radiation.  It  means  that 
from  70  to  80  per  cent  of  the  radiation  from  a  red  star  lies  in 
the  infra-red — beyond  the  spectral  region  to  which  the  eye  is 
sensitive. 

The  absorption  cell  tells  us  nothing  of  the  size  and  the  dis- 
tance of  the  star.  It  simply  indicates  that  the  shape  of  the 
stellar  spectral  energy  curve  is  such  that  only  about  one-fourth 
of  the  total  energy  emitted  from  a  red  star  lies  in  the  visible 
and  in  the  ultra-violet  part  of  the  spectrum.  However,  it 
should  dispel  all  doubt  as  to  the  quality  of  the  radiations  emit- 
ted by  red  and  by  blue  stars. 
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As  a  rough  comparison,  it  may  be  stated  that  blue  stars  emit 
two  times  as  much  "light"  as  the  yellow  stars  and  three  times 
a<i  much  **light*'  as  the  red  stars.  This  no  doubt  is  owing  to  a 
difference  in  the  emissivity  of  the  radiating  layer  of  these  dif- 
ferent t>'pes  of  stars.  The  blue  star  may  be  at  a  higher  tem- 
perature than  the  red  star,  but  the  total  radiation  emitted  by 
the  fonner  may  be  less  than  from  the  latter,  as  observed  in  this 
investigation.  It  means  that  the  rate  of  cooling  of  a  blue  star, 
as  a  re'^ult  of  loss  of  heat  by  radiation,  is  less  than  the  rate  of 
cooling  of  a  red  star. 

Measurements  were  made  on  the  "light*'  reflected  from  the 
brij^'ht  and  the  dark  bands  of  Jupiter,  Both  g^ve  practically  the 
same  transmission  thru  the  water  cell,  showing  that  what- 
ever may  be  the  cause  of  the  dark  bands,  the  diminution  in 
brightness  is  quite  non-selective  as  regards  the  infra-red.  In- 
teresting measurements  were  made  on  Saturn  and  its  rings. 
Measurements  on  a  planetary  nebula  showed  no  positive  indi- 
cations of  radiations  from  it.  However,  from  the  observations 
on  blue  and  red  stars,  it  was  not  expected  that  definite  indica- 
tions of  Cheat'*)  radiations  from  nebulas  would  be  obtained. 

I'rom  50  to  60  per  cent  of  the  light  reflected  from  lectins, 
Saturn,  and  Jupiter  is  transmitted  by  the  water-cell.  On  the 
other  hand,  only  14  to  15  per  cent  of  the  light  of  the  Moon 
was  transmitted  by  the  water-cell.  The  explanation  given  is 
that  the  lunar  surface  becomes  quite  warm  from  exposure  to 
the  Sun  and  in  turn  radiates  heat  waves,  which  are  not  trans- 
mitted by  the  absorption  cell.  The  albedo  of  the  Moon  being 
much  less  than  that  of  the  planets,  it  should  become  heated  to  a 
higher  temperature  and  the  transmission  thru  the  ab<;orp- 
tion  cell  should  be  the  least,  as  observed. 

In  conclusion  I  cannot  express  sufficiently  the  feeling  of 
gratitude  for  the  opportunity  which  enabled  me  to  make  these 
measurements.  In  a  half-hearted  way,  at  odd  times  during  the 
past  few  years,  I  have  constructed  thermojunctions  for  stellar 
ra<liation  measurements,  but  obstacles  Csomc  not  entirely  im- 
personal) would  come  in  the  way  of  testing  them.  I  am  there- 
fore vcr>'  grateful  to  my  colleague,  Dr.  K.  Burns,  whose  en- 
thusiasm kept  me  at  the  later  stages  in  the  work  of  construc- 
tion and  testing  of  stellar  radiometers,  in  view  of  the  import- 
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ance  of  astronomy.  To  Mr.  S.  B.  Nicholson,  who  operated 
the  reflector  on  several  nights,  and  to  Mr.  W.  K.  Greex,  who 
performed  this  duty  during  the  remainder  of  the  work,  I  am 
greatly  indebted  for  the  assistance  rendered.  To  Dr.  W.  W. 
Campbell,  Director  of  Lick  Observatory,  who  placed  the 
Crossley  reflector  and  the  assistants  at  my  disposal,  and  to  Dr. 
S.  W.  Stratton,  Director  of  the  Bureau  of  Standards,  who 
detailed  me  officially  to  carry  on  the  investigation,  I  am  especial- 
ly indebted  for  the  courtesies  extended. 

What  is  needed  for  extending  the  work  is  evident,  viz.,  a 
large  reflector  seven  to  nine  feet  in  diameter,  situated  in  a  superb 
location  like  Mt.  Hamilton  as  regards  climatic  conditions,  and 
set  apart  primarily  for  work  in  stellar  radiation.  When  one 
thinks  of  all  the  money  wasted  in  idle  pleasure  and  in  the  wars 
of  nations,  it  seems  rather  ironical  to  discuss  this  matter. 
However,  I  shall  retrace  my  steps  over  the  3,100  miles  to  renew 
my  efforts  to  further  increase  the  sensitivity  of  the  radiation 
instrument,  hoping  that  thru  some  opportunity,  equally  as 
unforseen  as  was  this  one,  I  may  be  enabled  to  continue  the 
work. 

Mt.  Hamilton,  Cal.,  August  28,  1914. 
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The  walls  for  the  astrograph  have  just  been  completed.  The 
telescope  support  in  this  case  is  only  slightly  different,  but  in 
the  nature  of  a  further  improvement.  The  essentially  different 
point  in  this  support  is  that  smaller  I-beams  were  used  and 
that  they  were  surrounded  by  concrete,  thereby  obtaining  great- 
er stiffness. 

Owing  to  the  fact  that  the  astrographic  telescope  rests  upon 
two  piers,  the  construction  had  to  be  adapted  to  these  condi- 
tions. This  was  done  by  putting  a  concrete  beam  iio*^™  wide 
and  30"^"  thick  along  the  middle  of  the  room  from  north  to 
south  and  three  interlocking  beams  east  and  west  underneath 
— one  in  the  middle,  one  near  the  north  and  one  near  the  south 
wall — the  two  latter  under  the  feet  of  the  two  piers  which  sup- 
port the  polar  axis.  These  east  and  west  beams  are  45*""  wide 
by  30*"°*  high. 

The  floors  of  the  observing-rooms  in  both  cases  are  entirely 
independent  of  these  supporting  beams,  except  that  the  walls 
finally  carry  both.  In  any  situation  where  there  are  heav>' 
winds  at  night  there  would  probably  be  vibrations  of  the  walls 
sufficient  to  communicate  to  the  telescope.  At  this  observator\% 
however,  we  never  have  any  high  night  winds  except  during 
storms,  when  observing  is  impossible  for  other  reasons,  and 
usually  the  nights  are  perfectly  still,  so  there  was  no  fear  of 
such  a  supporting  system  as  that  described  above  on  account 
of  wind. 

The  12-inch  telescope  has  now  been  in  use  in  its  new  position 
for  over  a  year  and  we  have  been  able  to  judge  of  the  suitability 
of  such  a  method  of  support. 

Heavy  walking  on  the  floor  causes  vibrations  which  are  com- 
municated to  the  telescope  enough  to  make  the  image  of  a  star 
vibrate  two  or  three  seconds  of  arc.  Reasonable  care,  however, 
prevents  noticeable  vibration.  Under  the  conditions  in  which 
the  usual  micrometer  work  is  done,  no  unsteadiness  whatever 
is  noticed.  I  have  several  times  observed  with  winds  of  ten  to 
fifteen-miles  velocity,  but  have  never  detected  any  vibrations. 
In  the  heavy  storm  winds  there  is  a  slight  trembling.  Concrete 
beams  like  those  used  in  the  astrographic  dome  should  consid- 
erably decrease  these  vibrations.  If  they  were  still  objectionable 
a  slender  iron  column  could  be  placed  underneath  the  center  of 
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the  beam  and  pier  extending  to  the  ground.  This  would  prob- 
ably practically  eliminate  them. 

Another  method  of  eliminating  floor  \*ibrations  would  be  to 
put  a  moderately  flexible  covering  over  the  concrete  floor,  such 
as  carpet  or  cocoa  matting. 

The  economy  of  space  in  the  rectangular  construction  is 
ver^*  great,  especially  in  the  case  of  small  domes.  Such  a  form 
also  permits  of  more  convenient  and  economical  arrangement 
of  stairways,  entrances,  etc.,  in  the  attached  buildings. 

The  stability  of  this  system  of  support  appears  to  be  as  good 
for  locations  where  high  winds  arc  not  prevalent,  as  the  old 
form  of  isolated  pier,  especially  if  the  telescope  is  at  a  con- 
siderable height  above  the  ground.  A  modified  form  of  this 
construction  could  be  used  in  locations  having  high  winds.  In 
the  matter  of  cost,  there  is  a  marked  saving  where  only  first- 
class  construction  is  considered. 

In  another  place*  I  have  described  the  effect  of  a  stroke  of 
lightning  on  one  of  these  domes. 

The  following  details  arc  added  for  the  benefit  of  those  con- 
sidering similar  construction: — 

The  foundation  walls  arc  90^  in  width,  resting  on  hard  earth. 
The  basement  walls  are  4£f  in  thickness  and  the  two  main 
stories  25*"".  In  the  astrographic  dome,  owing  to  the  two  piers 
being  so  close,  the  north  wall  and  the  south  wall  arc  each  30^ 
thick.    The  walls  are  10"  high,  including  the  foundation. 

The  ceilings  of  the  rooms  ondemeath  the  observing-rooms 
are  without  openings  and  arc  well  plastered  to  prevent  currents 
of  air  rising  into  the  observing  room. 

It  was  found  in  the  old  astrographic  dome  that  if  the  door 
leading  from  the  main  building  was  opened  even  for  a  few 
minutes  the  star  images  were  considerably  enlarged  in  average 
seeing.  The  practice  was  therefore  adopted  of  keeping  all 
doors  and  windows  shut  during  the  actual  observing.  The 
w^indows  and  doors  of  the  new  domes,  including  their  frames, 
are  of  iron  and  the  floors  are  tile  or  cement. 

Preliminary  experiments  indicate  satisfactory  freedom  from 
vibration. 

Obsokvatosio  Naookal  AiccKTiHO,  CbWDCMA^  April  3,  1914. 
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MAXIMUM    BRILLIANCY    OF   VENX^S, 


By  Arthur  B.  Turner. 


The  brightness  of  a  star,  as  far  as  we  can  tell,  is  due  to  the 
fact  that  it  is  a  glowing  mass  in  space,  sending  out  waves  of 
light  in  all  directions,  a  small  fraction  of  which  are  gathered 
by  the  lens  of  the  eye,  or  the  eye  aided  by  the  telescope,  and 
give  us  the  sense  of  its  existence.  A  star  may  be  intrinsically 
bright  or  it  may  be  bright  because  it  is  close  to  our  solar  system. 

Astronomers  designate  the  brightness  of  a  star  by  an  alge- 
braic number,  which  is  called  its  magnitude.  The  larger  the 
number  the  fainter  the  star.  On  such  a  scale  Polaris  is  of 
magnitude  2.2,  Aldeharan  i.o,  Sirius  — 1.4,  and  the  Sun 
—  26.3.  A  star  of  magnitude  i  is  approximately  21/2  times 
as  bright  as  a  star  of  magnitude  2,  which  is  the  common  ratio 
of  brightness  between  any  two  consecutive  magnitudes  on  down 
the  scale. 

The  observations  made  at  different  times  on  the  same  star, 
however,  often  show  that  there  is  a  change  in  the  magnitude, 
generally  very  slight,  altho  sometimes  quite  large.  Over 
four  thousand  such  stars  have  already  been  observed.  Many 
of  these  change  their  magnitude  quite  irregularly;  others  are 
periodic,  repeating  their  maximum  and  minimum  brightness  at 
regular  intervals,  ranging  from  3  hours  12  minutes  to  610 
days.  Why  the  stars  change  in  magnitude  we  do  not  know, 
except  in  those  cases  where  the  spectroscope  gives  additional 
information,  showing  that  the  star  is  not  single  but  double, 
each  star  periodically  partially  eclipsing  the  other  as  they  re- 
volve around  their  common  center  of  gravity. 

Passing  over  the  comets  and  meteors,  the  former  of  which, 
altho  self-luminous,  have  their  brightness  violently  altered 
on  their  approach  to  the  Sun,  and  the  latter  of  which,  tho 
cold  as  outside  space,  become  suddenly  luminous  from  friction 
when  they  rush  into  the  Earth's  atmosphere,  we  come  to  a  class 
of  star-like  bodies  in  the  sky  most  of  which  shine  entirely  by 
reflected  light — the  planets  and  their  satellites.  These  bodies 
will  vary  in  brightness  from  the  following  causes:  (a)  the  dis- 
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tance  from  the  source  of  light,  (b)  the  distance  from  the  ob- 
ser\er,  (c)  the  amount  of  illuminated  surface  visible  (i.  e.  the 
phase),  (d)  the  reflecting  power  of  the  body,  called  its  albedo, 
and  ( e )  possibly  the  rotation  of  the  planet  or  satellite  on  its 
axis,  since  all  portions  of  their  surfaces  may  not  have  the  same 
reflecting  power. 

Next  to  the  Moon,  which  is  very  conspicuous  in  her  monthly 
changes  of  brightness  with  accompanying  phases,  we  find  the 
planet  I'cnus  changing  in  magnitude,  but  curiously  reaching 
its  maximum  brightness  in  the  crescent  phase.  Since  the  orbit 
of  I'cnus  is  very  nearly  circular  and  but  slightly  inclined  to 
the  ecliptic,  a  rather  simple  mathematical  demonstration  of  the 
above  fact  is  possible.  The  principle  is  also  applicable  in  the 
case  of  the  other  planets,  but  with  a  lesser  degree  of  accuracy. 

Let  us  assume,  then,  that  the  orbits  of  the  Earth  and  Venus 
are  two  concentric  circles,  with  the  Sun  as  the  common  center. 
Let  r  be  the  radius  of  the  orbit  of  Veiius,  p  the  distance  between 
the  Earth  and  the  planet  at  any  given  instant,  and  ^  the  angle 
at  I'l-fius  between  the  Sun  and  Earth  (see  Figure  3),  then  the 
intensity  ( I)  of  the  light  reaching  the  Earth  is  given  by  the 
ccjuation — 

(I  +  cos  ^)y2jra^ 

K  is  a  constant  and  a  is  radius  of  Venus,     The  numerator 

*  iiru*  (  I  +  COS  ^)  is  the  area  of  the  surface  of  the  planet  that 
is  visible  (for  example,  when  ^=10**,  cos  ^=  i  and  we  get 
ipd'  as  full  phase;  again  when  ^  =  90*=*,  cos  ^  =  o,  and  we  get 

*  1  wa^,  or  half  phase ;  also  when  ^  =  180*^,  cos  ^  =  —  i,  and 
we  get  o  area  or  new  phase].  Since  light  varies  inversely  as 
the  square  of  the  distance  both  of  the  observer  from  Ve9t$ts 
and  of  Venus  from  the  Sun,  we  have  the  product  of  the  two 
Mjuares  as  the  denominator.  But  by  trigonometry  A'  =  p'  -(-  '^ 
—  2rp  cos  ^,  whence — 

It  is  evident  that  for  a  g^ven  value  of  r  (i.  e.  for  each  planet) 
there  will  be  generally  one  value  of  p  which  will  make  I,  the 
planet's  brilliancy,  a  maximum.    From  this  value  of  p  we  can 
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easily  calculate  the  triangle  for  angle  ^  and  hence  find  the 
phase  of  the  planet,  when  it  has  maximum  brilliancy  as  viewed 
from  the  Earth.  This  value  of  p  can  be  obtained  approximately 
by  the  method  of  "cut  and  try"  (i.  e.  trying  values  of  p  until 
we  get  the  largest  value  of  p  possible  for  a  given  value  of  r). 
The  differential  calculus,  however,  enables  us  to  solve  the 
problem  directly,  and  we  easily  find  that  p  must  be  a  root  of 
the  quadratic  equation  p^  +  Vp  +  3''^  =  3^^  to  give  a  maxi- 
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mum  value  of  I ;  each  value  of  r  giving  a  different  value  of  p. 
That  is,  in  general,  no  two  planets  will  be  in  exactly  the  same 
phase  or  distance  from  the  Earth  when  at  maximum  brilliancy. 
Figure  i  is  a  graphical  representation  of  this  equation,  where 
A  is  taken  as  the  unit  of  distance.  Only  a  portion  of  one 
branch  of  the  curve,  an  hyperbola,  is  shown  as  it  is  sufficient 
to  illustrate  the  argument.  The  axis  of  the  curve  is  shown  and 
also  one  of  the  tangents  at  infinity — an  asymptote.  For  nine 
values  of  p  the  phase  has  been  calculated,  and  is  indicated  on 
the  horizontal  dotted  lines  by  the  decimal  of  the  disk  illum- 
inated. For  example:  (i)  Mercury  (  0  ),  which  is  at  a  dis- 
tance r  =  0.387  from  the  Sun,  must  be  at  a  distance  p  =  i.ooi 
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from  the  Earth,  when  its  brightness  is  a  maximum.  The  planet 
will  then  be  0.597  illuminated,  and  will  appear  in  the  gibbous 
phase  in  the  telescope.  (2)  V'enus  ($)  has  r  =  0.723,  which 
gives  p  =  0431,  and  0.270  of  the  disk  is  illuminated  and  the 
planet  will  be  seen  as  a  crescent  about  like  the  Moon  when  it 
is  between  four  and  five  days  old.  (3)  Mars  {^)  has  r  = 
1.524,  p  =  — 0,741  and  0.915  of  the  disk  will  be  illuminated, 
almost  full  phase  when  its  brightness  is  at  maximum.  The 
diagram  also  shows  that  for  planets  with  r  between  0.25  and 
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0.44  the  phase  is  gibbous,  for  r  between  0.44  and  i.oo  it  is  a 
crescent,  and  for  values  of  r  greater  than  i  the  phase  is  again 
gibbous;  that  is,  the  farther  the  planet  is  from  the  Sun  the 
closer  it  will  be  to  opposition  when  at  maximum  brightness. 

In  order  to  show  the  rapid  changes  in  the  magnitude  of 
Venus,  Figure  2  was  drawn  from  data  taken  from  the  Ameri- 
can Ephemeris,  Beginning  with  September  i,  1914,  numer- 
ous dates  with  corresponding  magnitudes  have  been  plotted 
up  to  October  i,  191 5.  Thru  these  points  a  curve  was 
drawn.  The  time  axis  was  taken  at  magnitude  — 2.4, 
which    is   the   maximum   brilliancy   of  Jupiter,   for  purposes 
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of  comparison.  It  is  noticed  that  Venous  reaches  a  maxi- 
mum ( — 4.4)  toward  the  end  of  October,  1914,  when  an 
evening  star,  and  again  in  the  first  part  of  January,  1915,  when 
a  morning  star.  At  these  two  times  the  planet  is  6%  times  as 
bright  as  the  maximum  of  Jupiter  and  180  times  as  bright  as 
Polaris,  The  gap  in  the  curve  is  during  the  passage  thru 
inferior  conjunction.     [The  phase  of  Venus  and  its  distance 
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from  the  Earth  at  maximum  brightness  as  found  from  Figure  I 
agree  xtry  well  with  the  more  accurate  values  of  the  American 
Iif*h^thens.]  The  reflecting  power  of  the  surface  of  Fenus  is 
three  times  that  of  the  surface  of  the  Moon,  and  this  is  prob- 
ably due  to  the  fact  that  Venus  is  enveloped  in  clouds,  while 
the  M<K:)n  has  practically  no  atmosphere  whatever.  In  thirty- 
six  days  the  planet  passes  from  inferior  conjunction  to  such  a 
magnitude  that  it  can  be  seen  in  full  daylight.  The  maximum 
brightness  of  I'enus,  either  as  a  morning  or  an  evening  star,  is 
reflated  ever>'  584  days. 

Figure  3  shows  the  relative  positions  of  the  Earth  and  I'enus 
for  seven  dates  from  July  15,  1914.  to  F"ebruary  15,  191 5.  This 
inter\'al  includes  the  two  dates  of  maximum  brilliancy.  Four 
phases  and  corresponding  changes  in  apparent  diameter  are 
also  shown,  the  full  phase  of  superior  conjunction  (F'ebruary 
nth)  being  taken  as  the  unit.  On  September  i8th  the  planet 
reaches  maximum  eastern  elongation  from  the  Sun  and  is 
just  half  illuminated  (magnitude  — 4.1).  (In  this  position 
the  F'arth.  I'enus  and  the  Sun  form  a  right  triangle.]  The 
sine  of  this  angle  (46°  27'),  which  is  0.725,  gives  a  ver\'  good 
approximation  to  the  distance  of  J'enus  from  the  Sun.  On 
October  23d  the  planet  is  a  large  crescent  and  of  maximum 
brightness  ( —  4.4  magnitude).  The  last  of  November,  1914, 
the  planet  is  again  in  line  with  the  Sun  (inferior  conjunction). 
After  this  time  I'enus  becomes  a  morning  star,  rising  before 
the  Sun,  and  then  re|)eats  the  phases,  reaching  maximum  again 
on  Januar}'  I,  191 5,  and  superior  conjunction  in  September. 

1915- 
The  Collece  of  the  Crr^-  of  New  York,  August  27.  1914. 
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THE  MAGNITUDE  EQUATION  IN  STAR  TRANSITS. 


By  R.  H.  Tucker, 


In  accordance  with  previous  practice,  the  effect  of  magnitude 
equation,  or  the  influence  of  the  brightness  of  a  star  upon  the 
transit  recorded  by  chronograph,  has  been  recently  investi- 
gated again  here.  The  observations  were  made  on  five  nights, 
in  the  month  of  August,  and  the  results  will  be  used  to  de- 
termine and  to  confirm  the  correction  that  will  be  applied  to 
the  transits  of  stars  observed  in  the  present  program  of 
meridian-circle  work,  which  includes  about  four  thousand 
observations. 

The  usual  result  of  such  determinations  is  shown  in  this 
series;  nearly  all  observers  who  have  investigated  the  correc- 
tion are  found  to  have  recorded  faint  stars  later  than  bright 
stars.  The  effect  is  determined  by  screening  the  object-glass 
for  some  transits  of  the  brighter  class  of  stars,  and  comparing 
the  recorded  transits  with  those  of  the  same  stars,  when  ob- 
served full  brightness.  The  screen  was  applied  with  the  help 
of  volunteer  assistants,  as  in  the  earlier  series.  The  screen 
used  in  this  series  reduces  the  brightness  by  nearly  four  units 
of  magnitude  (3.95  =b  0.05),  the  reduction  being  derived  from 
the  difference  between  the  full  brightness  and  the  estimated 
magnitude  when  the  screen  has  been  applied.  For  the  mag- 
nitudes of  the  stars,  the  Harvard  photometric  magnitudes  have 
been  adopted,  tho  these  do  not  differ  much  from  the  values 
given  in  the  Berliner  Jahrbuch,  the  photometric  scale  being  o.i 
fainter  for  the  mean,  with  an  average  difference  of  zb  0.15 
between  the  two  scales.  The  stars  selected  range  in  brightness 
from  0.1  to  6.3,  but  the  reduction  due  to  the  screen  appears 
to  be  less  for  the  faintest  stars  observed  than  for  the  brighter 
classes.  Up  to  third  and  fourth  magnitudes,  the  reduction  is 
estimated  in  excess  of  four  units ;  while  the  stars  of  fifth  and 
sixth  magnitudes  are  reduced  by  less  than  four  units,  accord- 
ing to  the  estimates  made  at  the  time  of  transit.  This  apparent 
discordance  may  be  due  to  a  difference  between  the  adopted 
visual  scale  of  magnitudes,  and  a  scale  that  would  be  exactly 
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difficult  to  change  this  estimate  in  practice,  even  if  the  mag- 
nitudes of  the  existing  star  catalogs  could  be  adjusted  to  a 
scale  more  in  conformity  with  late  photometric  measures. 

In  its  effect  upon  the  present  results  of  magnitude  equation, 
this  possible  discordance  does  not  produce  errors  of  any  serious 
amount,  for  the  total  effect  of  the  screen  upon  transits,  derived 
for  stars  of  estimated  brightness,  is  in  accord  with  the  usual 
visual  scale  for  stars  of  those  types.  In  dividing  the  total 
effect  by  the  reduction  due  to  the  screen,  a  small  uncertainty  in 
the  reduction  per  unit  of  magnitude  may  be  introduced;  but 
there  already  exists  some  doubt  as  to  whether  the  reduction 
is  the  same  for  some  observers  at  all  points  of  the  scale.  That 
is,  for  some  observers  the  difference  in  transits  between  a 
second  and  sixth  magnitude  may  be  quite  different  from  the 
difference  in  transits  between  a  fifth  and  a  ninth  magnitude. 
This  present  series  has  been  tested  for  such  a  variation,  but 
has  been  found  to  give  fairly  uniform  values  of  the  magnitude 
equation,  for  the  different  classes  of  bright  stars  reduced  by 
the  screen. 

These  values  are:  a  difference  of  0^.027  for  south  stars,  or 
0^.007  per  unit  of  magnitude;  and  o''.03i  for  stars  north  of  the 
zenith,  or  0^.008  per  unit  of  magnitude.  Twenty-four  stars 
south  of  the  zenith  were  used,  and  twelve  stars  north  of  the 
zenith,  on  the  same  five  nights.  By  using  five  nights,  the  dif- 
ferential values  can  be  taken  out  in  reverse  order  for  the  pairs 
of  adjoining  nights,  giving  four  determinations  of  magnitude 
equation,  well  balanced  in  respect  to  accidental  effects  of  com- 
bination. The  five  nights,  then,  give  a  weight  of  sixty  deter- 
minations south  of  the  zenith,  and  a  weight  of  thirty  north. 
The  probable  error  of  a  single  determination  of  the  full  dif- 
ference due  to  screen  is  ±:  o''.030  for  south  stars  and  ±:  (f.026 
sec  8  for  north  stars.  The  probable  error  of  the  mean  result 
does  not  much  exceed  ±:  o*.oo4  in  either  case,  and  the  probable 
error  per  unit  of  magnitude  is  di  0^.001  sec  8.  The  values  from 
stars  on  both  sides  of  the  zenith  are  nearly  the  same,  tho  some 
variation  might  be  anticipated,  and  in  fact  is  often  found  to 
exist,  for  various  observers. 

Explanation  of  a  variation  would  be  involved  in  the  general 
explanation  of  the  cause  of  the  correction  for  magnitude  equa- 
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Except  for  some  diflfraction  rays,  for  the  very  brightest  stars, 
which  do  not  interfere  with  precise  observations  of  the  central 
image,  the  image  of  a  screened  star  is  quite  exactly  Hke  that 
of  a  star  of  fainter  class.  The  screen  is  made  of  very  fine  wire 
netting,  most  carefully  constructed  for  uniformity  of  spacing, 
and  four  thicknesses  are  used  in  the  screen  that  gives  a  reduc- 
tion of  about  four  units  of  the  magnitude  scale. 

To  illustrate  the  consistency  of  the  magnitude  equation,  and 
for  a  record  of  the  results  to  date,  the  earlier  determinations 
are  tabulated  here.  They  include  those  made  at  the  San  Luis 
Observatory  of  the  Carnegie  Institution,  in  the  years  1909 
and  1910,  when  the  observations  were  taken  with  the  meridian 
circle  belonging  to  the  Dudley  Observatory  at  Albany,  the 
object  glass  of  which  is  eight  inches,  while  ours  is  6.4  inches, 
at  Lick.  At  the  southern  station,  in  the  Argentine  Republic, 
it  is  to  be  noted  that  the  clock  stars  and  the  rapidly  moving 
stars  in  general  were  north,  while  here  the  same  class  of  stars 
are  south  of  the  zenith.  In  the  larger  and  older  instrument, 
there  are  three  sets  of  transit  threads,  of  nine  wires  each,  so 
that  a  determination  of  magnitude  equation  can  be  made  at  one 
transit,  by  screening  either  one  or  two  of  the  sets.  With  our 
single  group  of  threads,  it  requires  the  comparison  of  results 
upon  two  nights  to  give  a  determination.  This  present  series  is 
the  second  one  taken  since  my  return,  and  such  a  record  of 
alternation  with  two  instruments,  and  with  the  variety  of 
conditions,  can  not  often  be  obtained.  Notwithstanding  some 
variations  in  the  results  for  different  years,  the  magnitude 
equation  is  evidently  nearly  constant,  with  a  slight  difference 
in  effect  depending  upon  the  direction  of  motion. 

LICK    OBSERVATORY    MERIDIAN    CIRCLE. 

South  stars — 

Year.  No.  Mag.  Eq. 

1896    75  — C.OOQ 

1898    ' 60  —0.006 

1902    48  — 0.006 

1907  49  — o  .010 

1911   45  — o  .010 

1914  60  —  o  .007 

Mean —  0^.008 
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the  cla:m  that  tiie  T:a,rT.*'"'ie  c^.narntjn  l>  cIirrinare^L  ha<  b«^n 
(»r«i<;rci!  f-  r  the  L;i*k  *  'b*^rva:-'ry.  A  te<t  <:t  the  ciArn  i-f 
frtrol'-r:  tr-xr:  t:::.T  e't.^rt  w^I  be  to  ':b>erve  V  r  tiie  r\i^"'r':iie 
ci, 'nation.  prcctM::;.*  .i^  h.i5  been  «it'ne  w::h  the  pre-ie*Tt  rreth«  «!. 
The  Eur-.-^.-ean  ^kir  **%'  prevent  the  »i: -catch  -rt  th:-?  c*  r^tmc- 
l:«'n  f*r  our  u-e  at  rhe  "ir-e  -irecthe-!.  ar.i!  :t  n:ay  be  ^  r-e  Icr^^'h 
cf  t:T.e  N:f-  re  ^e  can  rei-e:ve  :t  ani  put  :t  into  ^rvTc;-  T!ie 
fact  th^t  rry  i-v^n  rr-:ac":":«it;  etpat:>.n  Ls  so  well  derer^^'i'ie^. 
f-*r  chr- -r*  lt*^;  h  tran-tt-^  :::  :he  u^tial  way,  wfl  ai-i  in  a  -icri^ite 
te^t  ••!'  the  new  o  r -trier:-  n.  It  **  u!'i  n«  t  be  en*  u^h.  f  r  in- 
stan«-e,  to  ->•'**  -:rv  -y  &At  n«  erfect  i-^  left  when  the  tr:i"-:t 
rricr. ►:::rtcr  i^  u-e^i:  it  i-  rcre-^-ar;/  to  >h"W  that  the  efre^t 
cxi-tc*i.  I'T  a  ^[^ecial  i-*^r%er,  wth-  ut  the  u-^j  -t  the  travel:"^ 
thrca'h 

F«»r  il!u^tra::  n  ••£  the  variety  rf  rrac^itu^Ie  ciiiat:  n.  tor 
x-|«aratc  •"•f-ierver-^.  there  are  ta^ulateti  be!-  w  the  con^icr^*."! 
re^ult-^  for  the  nve  <  K^r\er-  who  .!:<!  tran-it  w  rk  at  San  Lir-. 
taken  ir**m  the  c'j'":t\-v  >Vjr  fl -«  4-,  lOii.  pa^  I'o: — 

R   H   Tv- Kr»        — 0^0:5  —0*0:0 

A   J    R  .V   — o  cr5  — o  003 

W    B    V\»xvM — oc:o  — o  003 

M   L  Z:mufx — o  cii  —0008 

R-  F  S\XFt«i»        — o  005  — o  010 


ilcan*  ,..  ...         —  cfcii  — o» 007 

Augii*t  31.  1914. 
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PLANETARY  PHEi\OMENA  FOR  NOVEMBER  AND 
DECEMBER,  1914. 


By  Malcolm  McNehx. 


PHASES   OF   THE   MOON,   PAaFIC  TIME. 

Full  Moon Nov.  2,  3t»49™  p.m.  (  Full  Moon —  Dec.  2,  io*»2I™a.m. 


Last  Quarter. . .    "    10,3   37     p.m. 

New  Moon "    17,  8     2    a.m. 

First  Quarter. .    "   24,  5   39    a.m. 


Last  Quarter..  '*  10,  3  32  a.m. 
New  Moon  ..  **  16,  6  35  p.m. 
First  Quarter.    **   24,  12  25    a.m. 


The  Sun  reaches  the  solstice  and  begins  again  its  northward 
journey  among  the  stars  December  22d  at  about  8  a.  m.  Pacific 
time. 

Mercury  will  be  in  transit  across  the  Sun's  disc  on  the  morn- 
ing of  November  7th.  Transits  of  Mercury,  while  not  frequent, 
are  much  more  so  than  transits  of  Venus,  there  being  twelve  in 
the  present  century.  As  they  must  occur  when  Mercury  is 
near  one  of  its  nodes  and  the  Earth  also  near  the  line  of  Mer- 
cury's nodes,  there  are  two  periods  each  year,  early  May  and 
early  November,  during  which  all  transits  must  occur.  Also 
on  account  of  the  eccentricity  of  the  planet's  orbit '  November 
transits  are  more  than  twice  as  numerous  as  May  transits. 
After  a  November  transit  another  is  possible  in  seven  years, 
probable  in  thirteen  years  and  practically  certain  in  forty-six 
years.  The  present  one  is  an  instance  of  the  first,  there  having 
been  a  November  transit  in  1907.  Only  the  latter  part  of  the 
present  transit  can  be  seen  in  this  country,  and  in  some  parts 
none  of  it,  the  ingress  taking  place  before  sunrise.  The  prin- 
cipal circumstances  are  as  follows.  Pacific  time: — 

Ingress  exterior  contact  Nov.  7,  i**  57"*  14*  a.m. 

Ingress  interior  contact  "     7,  i     59    27  a.m. 

Least  distance  of  centers    10'  31"  ..     "     7,  4      3    20  a.m. 

Egress  interior  contact *'     7,  6      7    17  a.m. 

Egress  exterior  contact  "     7,  6      9    31  a.m. 

It  will  thus  be  seen  that  in  the  far  west  the  entire  transit  is 
over  before  sunrise,  but  that  the  latter  part  of  it  may  be  ob- 
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served  in  the  central  and  eastern  parts  of  the  United  Slates. 
A  tele**copc  is  necessar>'  to  show  the  planet  on  the  disc  of  the 
Sun. 

After  the  transit,  which  occurs  at  the  time  of  inferior  con- 
junction. Mercury  becomes  a  morning  star  and  moves  out 
toward  greatest  west  elongation,  reaching  this  position  on 
Xtiveniher  23d.  Before  the  middle  of  the  month  it  will  rise 
more  than  an  hour  before  the  Sun,  and  the  interxal  will  not  be 
less  than  an  hour  until  nearly  the  middle  of  December.  About 
the  time  of  greatest  elongation  the  interval  will  be  more  than 
an  hour  and  a  half.  There  will  therefore  be  a  month  when  the 
planet  can  be  seen  in  the  morning  twilight.  It  will  be  in  close 
c*>njunction  with  Venus  on  the  morning  of  December  7th,  the 
nearest  approach  being  about  two  thirds  the  diameter  of  the 
MtH.>n.  Mercury  being  north  of  rcnus.  At  the  end  of  the 
month  Mercury  has  nearly  reached  superior  conjunction  with 
the  Sun. 

/  tit  us  is  still  an  evening  star  on  November  ist,  but  sets  about 
an  hour  and  a  quarter  after  sunset.  On  November  27th  it 
passes  inferior  conjunction  with  the  Sun,  becoming  a  morning 
star.  On  account  of  the  fact  that  the  planet  is  moving  north- 
ward among  the  stars  much  more  rapidly  than  the  Sun  is,  the 
inier\*al  between  the  rising  of  the  planet  and  of  the  Sun  wnll 
increase  ver>'  rapidly.  By  the  middle  of  December  the  planet 
will  ri>c  more  than  two  hours  before  sunrise,  and  there  will  be 
an  additional  increase  of  an  hour  by  the  end  of  the  month. 
I'enus  will  remain  a  morning  star  until  September  12.  1915. 
After  conjunction  its  brightness  increases  very  rapidly  and  by 
the  end  of  December  it  has  nearly  reached  its  maximum.  This 
occurs  January  2.  191 5. 

Mars  is  too  near  the  Sun  during  November  and  Decem- 
l)er  for  naked-eye  view.  On  November  ist  it  sets  only 
forty  minutes  after  sunset,  and  this  interval  continually  dim- 
inishes until  the  planet  reaches  conjunction  with  the  Sun  at 
9  p.  M.  Pacific  time  on  December  23d.  It  then  becomes  a 
morning  star  and  remains  such  until  the  next  opposition.  This 
does  not  occur  until  February  9,  1916.  The  interval  from  oppo- 
sition on  January  5,  1913,  to  conjunction  is  only  352  days, 
while  from  conjunction  to  the  next  opposition  will  be  413  days. 
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These  intervals  would  be  equal  if  the  orbits  of  Earth  and  Mars 
were  both  circular.  It  is  an  unusual  occurrence  that  an  oppo- 
sition and  a  conjunction  occur  in  the  same  calendar  year  and 
neither  in  the  year  following.  The  average  interval  from  oppo- 
sition to  conjunction  is  390  days,  nearly  one  year  and  one 
nionth. 

Jupiter  is  in  good  position  for  evening  observation  in  the 
southwestern  sky.  On  November  ist  it  sets  a  little  before  half- 
past  eleven  and  at  the  end  of  December  shortly  after  8  p.  m. 
It  is  in  the  eastern  part  of  the  constellation  Capricorn  and  moves 
about  9°  eastward  and  3°  northward  among  the  stars  during 
the  two  months.  It  is  in  close  conjunction  with  the  Moon  on 
the  night  of  November  22d-23d  and  again  on  the  evening  of 
December  20th.  It  will  be  occulted  on  the  latter  date  for  some 
regions  of  the  Earth. 

Saturn  is  in  good  position  for  evening  observation  during 
the  latter  part  of  the  two  months'  period.  On  November  ist 
it  rises  shortly  after  8  p.  m.  and  a  little  before  sunset  at  the 
end  of  December.  It  comes  to  opposition  with  the  Sun  on 
the  night  of  December  20th-2ist.  It  is  on  the  border-line  be- 
tween Taurus  and  Gemini  and  moves  somewhat  more  than  4° 
westward  during  November  and  December.  The  appearance 
of  the  rings  remains  practically  unchanged. 

Uranus  is  in  the  southwestern  sky  in  the  evening,  setting 
shortly  before  eleven  on  November  ist  and  shortly  after  seven 
on  December  31st.  It  is  in  the  constellation  Capricorn  and 
moves  about  2°  eastward.  It  lies  to  the  west  of  Jupiter  about 
6°  on  November  ist,  but  this  distance  is  nearly  doubled  by  the 
end  of  December. 

Neptune  rises  shortly  after  10  p.  m.  November  ist,  and  short- 
ly after  6  p.  m.  on  December  31st.  It  is  near  the  border-line 
of  the  constellations  Gemini  and  Cancer  and  moves  about  1° 
westward. 
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additional  photographs  before  the  true  one  could  be  selected, 
for  altho  the  two  hyperbolic  orbits  were  recognized  as  ex- 
ceedingly improbable,  the  problem  in  hand  demanded  not  only 
the  proof  that  the  elliptic  orbit  would  satisfy  future  observa- 
tions, but  also  that  the  other  two  orbits  were  impossible.  Posi- 
tions were  computed  from  the  ellipse  for  August  21st  and  23d, 
and  at  that  time  I  went  to  Mount  Hamilton  to  secure  further 
observations.  The  object  was  found  very  near  the  predicted 
place  on  the  three  nights  of  August  21st,  22d  and  23d. 

Of  the  three  orbits  the  ellipse  around  Jupiter  was  the  only 
one  that  represented  these  observations  satisfactorily,  thus 
proving  the  ellipse  to  be  the  real  orbit,  and  establishing  the 
identity  of  the  object  as  a  newly  discovered  satellite  of  Jupiter. 
The  fact  that  this  identity  could  be  established  without  previous 
assumptions  by  Leuschner's  method,  particularly  from  ob- 
servations so  close  together — ^the  entire  interval  for  the  original 
solution  being  only  nine  days — shows  the  remarkable  efficiency 
of  the  method.  The  elements  of  the  orbit  are  of  course  only 
approximate,  but  they  serve  to  establish  the  identity  of  the 
object  and  to  describe  the  nature  of  the  orbit,  which  is  very 
similar  to  that  of  the  eighth  satellite.  The  motion  is  retro- 
grade, and  the  period  about  three  years.  A  detailed  account 
of  the  discovery  and  the  orbit  computation  will  be  published  in 
the  Lick  Observatory  Bulletin.  Seth  B.  Nicholson. 

University  of  California,  September  17,  1914. 

An  A-Type  Star  of  Very  Low  Luminosity. 
It  has  been  suggested  by  Hertzsprung  that  there  is  no  such 
range  in  absolute  brightness  among  the  A-type  stars  as  among 
those  of  types  F  to  M,  and,  in  fact,  it  is  doubtful  whether 
hitherto  any  certain  case  of  a  very  faint  A-type  star  has  been 
found.  A  recent  observation  of  the  ninth-magnitude  companion 
of  o  Eridani  shows,  however,  that  this  star  must  be  considered 
as  such.  The  companion  is  at  a  distance  of  83"  from  the  prin- 
cipal star  and  shares  in  its  immense  proper-motion  of  4^.08 
annually.  Its  parallax,  therefore,  may  be  assumed  to  be  that 
of  the  bright  star  which  is  0^.17.  This  would  make  the  ab- 
solute magnitude  of  the  companion  10.3,  the  Sun  being  taken 
as  5.5.    The  spectrum  of  the  star  is  Ac. 

Walter  S.  Adams. 
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The  Altitude  of  Mount  Hamilton. 

During  a  study  of  the  meteorological  record  kept  by  the 
Lick  (Observatory  the  attention  of  the  writer  was  directed  to  a 
diflference  in  the  altitude  of  Observatory  Peak  as  stated  by  dif- 
ferent authorities.  The  following  statements  of  the  altitude 
of  the  mountain  have  been  made,  all  referring  to  the  marble 
r!«M)r  of  the  main  building: — 


Altitude    above 

mrjn  tcM  level. 

Suted  by 

Reference. 

420946 

Director  tloLOEN 

A.  S.  P.  Pubi,  3.  370. 

4209 

U.  S.  Geo!.  Survey 

Mt.  Hamilton  Sheet 

4209 

U.  S.  Geol.  Survey 

Bull  274.  p.  96. 

4209 

U.  S.  Wea.  Bureau 

Climatological  Data  for 
California. 

4221 

U.  S.  C  &  G.  Survey 

Transcont.  Trian.,  Spec. 
Publ.  Xo.  4,  p.  304 ;  An. 
Rcpt.,  1 9 10.  p.  398. 

The  first  four  of  these  statements  are  probably  all  the  result 
of  a  line  of  precise  levels  run  from  the  Southern  Pacific  track 
at  the  Market  Street  Station  in  San  Jose  in  1887  by  a  party  of 
students  of  the  College  of  Civil  Engineering  of  the  University 
uf  California  under  the  direction  of  Mr.  \V.  G.  Raymond. 
The  results  of  this  survey  were  published  in  Volume  III  of 
these  Publicatiofis,  In  a  letter  dated  July  8,  1914.  Professor 
Raymond  states  that  "the  elevation  of  the  track  at  San  Jose 
was  gotten  from  the  [Southern  Pacific]  Company.  .  .  .  The 
work  was  spirit  leveling  and  its  precision  was  pretty  fairly 
close;  .  .  .  the  probable  error  .  .  .  was  a  ver)'  small  fraction 
of  a  foot."  The  elevation  given  for  the  Market  Street  Station 
was  stated  in  the  report  of  this  survey  as  88.7  feet.  The  chief 
engineer  of  the  Southern  Pacific  Company  has  informed  the 
writer  that  the  Market  Street  Station  has  not  been  changed 
since  1887.  The  elevation  of  the  base  of  the  rail  at  the  station 
appears  on  the  present  railroad  profile  as  85.7  feet  above  the 
"S.  P.  zero,"  which  is  5.7  feet  above  the  datum  plane  of  the 
United  States  Coast  and  Geodetic  Survey,  the  mean  of  the 
lower  low-waters.  Mean  sea-level  at  Goat  Island,  which  is 
the  nearest  tide  station  to  Oakland  Pier,  where  the  "S.  P. 
zero'*  was  compared  with  the  Coast  Survey  dattmi  plane,  is 
about  34  feet  above  the  Coast  Survey  datum  plane.     This 
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makes  the  level  of  the  track  at  the  San  Jose  Market  Street 
Station  88.0  feet  above  mean  sea-level. 

The  discrepancy  of  0.7  foot  is  not  much  greater  than  the  dif- 
ference between  other  precise  level  determinations  in  San  Jose. 
For  example,  the  elevation  of  the  United  States  Geological 
Survey  bench  mark  on  the  Hall  of  Records  at  the  southwest 
corner  of  Saint  James  and  First  Streets.  This  bench  mark 
has  been  determined  by  the  Geological  Survey  as  98.317  feet 
above  mean .  sea-level  from  a  line  of  precise  levels  run  from 
tide  water  and  forming  a  closed  circuit.^  The  same  bench 
mark  has  been  determined  by  the  Coast  and  Geodetic  Survey 
as  98.097  feet  in  the  precise  level  net  for  which  the  results 
are  not  yet  published. 

The  altitude  of  Mount  Hamilton  is  stated  in  the  "Dictionarj^ 
of  Altitudes  in  the  United  States,"  published  by  the  United 
States  Geological  Survey,  as  4209  feet;  the  authority  for  this 
altitude  is  the  Geological  Survey.  The  statement  in  regard 
to  this  authority  is  as  follows: — 

A  vast  number  of  elevations  are  credited  to  this  source.  They  have 
been  determined  by  various  means,  but  almost  entirely  by  trigonometric 
methods  and  by  level  lines.  Elevations  of  mountains,  hills,  and  other 
points  used  as  triangulation  stations  have,  as  a  rule,  been  determined  by 
trigonometric  methods. ^ 

The  Mount  Hamilton  sheet  of  the  Topographic  Map  of  the 
United  States,  which  is  being  issued  in  sheets  by  the  Geological 
Survey,  shows  the  altitude  of  Observatory  Peak  as  4209  feet. 
This  sheet  was  surveyed  in  1895  ^^^  the  triangulation  is  stated 
as  by  the  Coast  and  Geodetic  Survey.  In  regard  to  the  altitudes 
on  this  sheet  the  Topographic  Branch  of  the  Survey  writes  as 
follows : — 

The  Mount  Hamilton  quadrangle  was  completely  surveyed  before 
Congress  authorized  the  Geological  Survey  to  run  level  lines  and 
establish  bench  marks;  consequently  there  were  no  bench  marks 
set  within  that  area. 

The  altitudes  published  by  the  Weather  Bureau  for  its  co- 
operative stations  rest  on  data  furnished  by  the  co-operative 


>  See  Bui.  342.  U.  S.  Gcol.  Survey,  p.  126.    Also  Bui.  481*  p.  66. 
«U.  S.  Gcol.  Survey  Bui.  274  (1906),  p.  11. 
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obser\crs  when  the  stations  are  established  and,  therefore,  the 
btatement  of  4209  feet  by  this  authority  must  be  regarded 
simply  as  a  publication  of  the  altitude  determined  by  the  Ray- 
mond party  in  1887. 

The  altitude  of  Mount  Hamilton  was  determined  by  the 
United  States  Coast  and  Geodetic  Sur\'ey  by  trigonometric 
leveling.  The  altitude  is  stated  as  1298.9  meters  (4262  feet) 
on  top  of  the  twelve-inch  dome. 

The  height  of  the  small  [12-inch]  dome  above  the  marble  floor  of  the 
ohv^natory  is  stated  to  be  40  feet  4  inches  (12.3  meters);  hence  the 
height  of  the  marble  floor  is  1286.6  meters  or  4221  feet* 

In  a  letter  dated  June  19,  1914,  the  acting  superintendent  of 
the  Survey  states  that — 

the  elevation  of  Mount  Hamihon,  although  placed  in  class  3  in  "Trian- 
jnilation  in  California,  Part  II,"  meaning  that  it  was  determined  from 
non- reciprocal  observations,  has  a  probable  error  very  much  smaller  than 
ten  meters.  This  elevation  was  determined  by  vertical  obscr\'ations  at 
five  stations,  at  each  of  which  there  were  observations  on  several  days. 
The  probable  error  of  the  elevation  of  Mount  Hamilton,  a;*  contained 
in  "Triangulation  in  California,  Part  II,"  is  approximately  one  meter. 
The  point  determined  was  the  top  of  the  dome,  as  it  existed  in  1883-85.* 

There  seems  to  be  no  way  at  this  time  in  which  the  two  dif- 
ferent altitudes  for  the  mountain  can  be  reconciled,  nor  any 
information  which  would  cause  the  rejection  of  one  or  the 
other.  Altho  the  line  of  precise  levels  was  student  work. 
Professor  Raymond  states  that  the  probable  error  was  very 
small  and  there  is  hardly  any  possibility  that  it  could  be  as 
f^resLi  as  ten  feet  in  the  thirty  miles  from  San  Jose  to  the  Lick 
Observatory'.  On  the  other  hand,  an  error  of  this  amount  in 
the  work  of  the  Coast  and  Geodetic  Survey  is  fully  as  diflScult 
to  understand.  Precise  le\'els  were  run  to  the  top  of  Mount 
Wablo  during;  the  work  of  the  Transcontinental  Triangulation 
for  the  purpose  of  determining  the  value  of  refraction;  this, 
together  with  the  large  number  of  observations,  makes  such  an 
error  seem  out  of  the  question. 


»  The  Transcontinental  Trianfolation  l»y  Charlc*  A.  Scott.  V.  S.  Cn*«t  k  Geod. 
Stinrcr.  Special  Publication  No.  4  (1910).  p.  304.  Alto  Trtanfulation  in  California, 
Part  II.  Ann.  Rept.  Supt.  U.  S.  Coast  ft  Geod.  Survey  for  1910,  Append.  $  (1911). 
p.    $9*- 

'Thit  is  the  ij-inch  dome,  the  j6*tnch  dome  wat  not  built  at  that  time 
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The  altitude  of  Mount  Hamilton  is  certainly  just  over  4200 
feet,  probably  between  4209  and  4224.  For  practically  all 
purposes  this  is  as  close  as  is  necessary  for  actual  use,  altho  it 
would  be  interesting  to  know  the  exact  height  of  the  mountain. 

William  G.  Reed. 

Berkeley,  Cal.,  September  3,  1914. 

Color  Variation  of  the  Cluster-Type  Variable 
RS  Bootis. 

The  very  sudden  and  rapid  increase  in  the  brightness  of 
cluster-type  variables  after  the  gradual  decline  to  minimum 
suggests,  if  it  does  not  demand  for  its  explanation,  some  dis- 
turbance in  the  stellar  atmosphere.  Such  a  disturbance  would 
almost  certainly  be  accompanied  by  changes  in  the  color  of  the 
light  radiated  by  the  star. 

The  matter  has  been  put  to  a  test  in  the  case  of  the  variable 
RS  Bootis,  whose  period  is  9**  3™  and  whose  visual  amplitude 
of  variation,  as  shown  by  unpublished  Laws  Observatory  ob- 
servations, is  approximately  one  magnitude.  To  avoid  the  in- 
fluence of  possible  fluctuations  in  the  light-curve,  ordinary  and 
isochromatic  plates  (the  latter  used  with  a  yellow  filter)  were 
alternately  exposed  on  three  successive  nights  —  July  16,  17 
and  18,  1914 — the  instrument  used  being  the  60-inch  reflector. 
The  exposures  were,  respectively,  one  minute  and  two  minutes 
on  the  two  kinds  of  plates.  Five  or  six  were  made  on  each 
ordinary  plate,  and  three  or  four  on  the  isochromatic  plates. 
A  total  of  85  plates  and  about  350  separate  exposures  cover 
the  entire  curve,  with  sufficient  overlap  from  night  to  night  to 
test  the  possibility  of  systematic  differences  between  the  three 
series  of  observations. 

Five  comparison  stars  covering  an  interval  of  about  2.5 
magnitudes  are  available  for  the  reduction  of  the  measures 
of  the  variable.  Their  magnitudes  on  an  absolute  scale  were 
established  by  varying  the  aperture  for  the  different  exposures. 
The  apertures  used  were  32,  14  and  9  inches  for  the  ordinary 
plates,  and  60,  40  and  32  inches  for  the  isochromatic  plates. 

Both  the  photographic  and  the  photovisual  scales  were  sep- 
arately derived  from  the  data  of  two  nights.  The  difference  in 
the  magnitudes  of  the  comparison  stars  for  the  two  nights  are : 
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Star I  2  3  4  5 

Photck^raphk  ....    -i-ojo6    — OJ04    — aoi    — ao6        aoo  magnitude 
Photovisual — 003    -r<"H    — OJO2    +001    — ao6  magnitude 

In  each  case  the  faintest  star — Xo.  4  for  the  photographic 
scale  and  Xo.  5  for  the  photovisual — was  disregarded  in  re- 
ducing the  results  for  the  diflFercnt  plates  to  a  common  zero 
point.  This  accounts  for  the  fact  that  the  sums  of  the  differ- 
ences do  not  in  either  case  equal  zero. 

With  the  aid  of  the  mean  scales  for  the  two  nights,  the 
entire  series  of  observations  on  the  variable  was  reduced  to  a 
uniform  system.  The  results  for  each  plate  were  combined  to 
form  a  mean  value,  which,  in  spite  of  the  rapid  change  in 
brightness,  is  justifiable  since  the  interval  covered  is  only  six 
or  eight  minutes.  There  are  thus  available  for  the  formation  of 
the  light-curves  83  points  (two  plates  were  rejected),  43  for 
the  photographic  light-curve  and  40  for  the  photovisual. 

It  was  found  that  the  photographic  range  is  nearly  50  per 
cent  in  excess  of  the  photovisual.  For  the  present  the  ampli- 
tudes may  be  taken  as  1.5  and  i.i  magnitudes,  respectively. 
The  change  in  the  color  index  is  therefore  about  04  magnitude, 
which  corresponds  to  about  one  spectrum  class.  The  limiting 
values  of  the  color  index  cannot  now  be  given,  as  the  zero  points 
of  the  magnitude  scales  are  still  to  be  determined.  The  prob- 
able values,  however,  can  be  assigned  on  the  basis  of  the 
spectroscopic  results  by  Pe-\se.  He  finds  that  the  spectral 
type  of  the  star  is  constantly  changing,  with  limiting  values 
of  B8  and  Fo,  respectively,  for  maximum  and  minimum.  The 
corresponding  color  indices  on  the  scale  of  Park  hurst  are 
—  o.io  magnitude  and  +040  magnitude.  The  spectroscopic 
and  photometric  results,  in  so  far  as  the  amount  of  change  in 
color  is  concerned,  are  therefore  in  close  agreement. 

The  variable  was  obser\'ed  during  increasing  light  upon  two 
succes'iive  nights.  The  computed  interval  separating  corre- 
s|)on<ling  epochs  is  therefore  three  periods  or  27*  lo*.  That 
actually  <»bser\'ed  is  27*  12".  which  illustrates  the  precision  with 
which  the  instant  of  a  given  brightness  on  the  ascending  branch 
of  the  curve  can  be  determined. 

The  epochs  of  photographic  and  photovisual  maxima  appear 
to  c<»incide. 
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The  period  of  9**  3°*  21^,57,  assigned  by  Pr.\cka/  represents 
the  observed  maximum  on  July  17th  exactly.  Finally,  it  may 
be  remarked  that  the  photovisual  amplitude  is  in  good  agree- 
ment with  that  found  visually  at  the  Laws  Observatory. 

F.  H.  Shares  and  Harlow  Shapley. 

Mt.  Wilson  Solar  Observatory,  August  18,  1914. 

The  Star  Cluster  N.  G.  C.  6760. 

The  object  N.  G.  C.  6760  has  been  suspected  as  variable, 
but  Drever  in  a  note  in  the  N.  G.  C.  states  that  there  is  no 
reason  for  supposing  this  to  be  so. 

Borrelly's  note  in  C.  R.,  157,  385,  leads  one  to  suppose  that 
the  object  is  changing  in  brightness,  and  it  was  accordingly 
placed  on  the  observing  program  of  the  60-inch  reflector. 

Two  photographs  were  obtained  on  Seed  27  plates,  with 
exposures  of  J4  and  1^4  hours  respectively.  The  iJ/^-hour 
photograph  revealed  a  star  cluster  lying  in  a  rich  region  of  the 
Milky  Way.  A  single  count  of  this  plate  was  made  with  a 
reseau  having  squares  30''  on  a  side  and  the  results  plotted. 
It  proved  to  be  a  cluster  of  1,200  stars,  7'  in  diameter,  lying 
on  a  background  with  a  density  of  fifteen  stars  per  square 
minute.  The  greatest  number  of  stars  counted  in  a  single 
square  of  the  reseau  was  71,  which  would  make  67  for  the 
cluster.  Mr.  Seares  estimates  that  the  stars  in  the  cluster  lie 
between  16.5  or  17  and  19.5  photographic  magnitude. 

No  trace  of  nebulosity  is  found. 

Under  a  power  of  300,  which  was  as  much  as  the  seeing 
would  permit,  the  cluster  appeared  granular,  but  save  for  a 
few  of  the  brighter  stars  was  not  certainly  resolvable. 

A  comparison  of  the  two  plates  under  the  stereocomparator 
gave  no  indication  of  variability. 

Francis  G.  Pease. 

Mt.  Wilson  Solar  Observatory. 

Spectra  of  Stars  in  the  Hercules  Cluster  M  13. 

An  additional  photograph  of  Messier  13  was  obtained  with 
the  focal  plane  spectrograph  of  the  60-inch  reflector,  using  a 
slit  width  of  0.050™'"  and  an  exposure  of  thirty  hours. 

*  y.  J.  S.,  19»3.  P'  290. 


^Astronomical  Society  of  the  Pacific.  205 


The  slit  was  set  3'  south  of  the  s»tar  Scheiner  373.  which 
Ii.\RNARi>  uses  as  his  normal  star,  and  stars  are  scattered  over 
a  distance  of  4'  in  an  east  and  wot  line.  Identification  of 
twenty  sfH^ctra  is  jwssible.  though  several  are  composite  of 
M-veral  cloNe  ^ta^s.  Spectra  of  some  ^ta^s  of  Barnard  visual 
n\-ii^nitu<le  1 5  arc  included. 

Taking  as  units  five  divisions  of  the  Harvard  scale,  these 
^tars  arc  classified  as  fullt)ws: — 

.As  =  6 
Fo  =  9 
F5  =  3 
Go  =  i 

The  mean  of  this  determination  is  practically  the  same  as 
that  given  by  the  nineteen  stars  mentioned  in  \*oIume  XXV, 
j>age  2(10,  of  these  Publications, 

The  two  results  combine<l,  making  a  total  of  thirty-nine  stars, 
give  the  mean  cla>s  of  the  cluster  as  Fo. 

Fr-\xcis  G.  Peask. 

Mt.  Wiuson  Solas  Ob5EK\ato«v. 

Note  OS  the  Binary  Star  A  570. 

In  i(>o3  the  star  B.  D.  -f  27^.2388  was  found  to  be  a  close 
double.  From  the  magnitude  1590,  Qass  A  spectrum  in 
R.  //.  P. »  anti  the  small  angular  scijaration,  it  was  reasonably 
certain  that  the  pair  was  a  binary  sy^em.  and  the  fact  that 
the  pr'»{)er-m<Hion  uas  well  define<I,  amounting  to  o".o88  in 
2^ti  A  according  to  B<>^s,  confirmed  this  conclusion. 

Sub>equcnt  measures  have  shown  that  the  angular  nv>tif>n 
is  rapid  and  it  is  probable  that  the  period  of  revolution  will 
be  short,  possibly  in  the  neighliorhood  of  twenty  years. 

The  mean  results  of  mv  mea^ure^  are  as  follows : — 


1903^10 1^*6  0'\30 

190641 17.10  o -^ 

i^€7.S2 166-8  o  .24 

191 145 tjS  3  0,22 

1914.5S 88  ,5  o  .16 
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Note  on  Comet  C1914  (Neujmin). 

The  third  comet  of  the  year  was  discovered  by  Neujmin 
at  Simeis  on  the  27th  of  June.  An  orbit  based  upon  Dr. 
Aitken*s  observations  of  the  2d,  i6th  and  30th  of  July  was 
derived  by  Mr.  C.  D.  Shane  and  the  writer.  The  most  inter- 
esting thing  about  the  orbit  is  the  great  perihelion  distance, 
which  amounts  to  3.74  astronomical  units,  i.  e.  348  million 
miles.  The  comtet  made  this  nearest  approach  to  the  Sun  on 
July  24th.  It  is  moving  in  an  orbit  plane  inclined  71°  to  the 
plane  of  the  ecliptic. 

On  account  of  its  great  perihelion  distance  (which  is  the 
second  largest  known)  its  heliocentric  motion  is  small,  so  that 
it  will  probably  be  within  reach  of  large  telescopes  for  several 
months.  On  this  account  an  ephemeris  is  given  in  Lick  Ob- 
servatory Bulletin  No.  260,  extending  to  the  end  of  this  year. 
Comparison  of  this  ephemeris  with  an  observation  made  by 
Dr.  Aitken  on  the  26th  of  August  shows  the  following  repre- 
sentation :  (O-C)  Aa  =  —  iV9  and  A8  =  +  20^'.  At  present 
the  comet  is  moving  slowly  toward  the  northeast  thru  Ophiu- 
cku^.  It  will  cross  the  equator  in  right  ascension  17**  32"  on 
the  24th  of  September.  It  is  nearly  four  astronomical  units 
distant  from  the  Earth  so  that  it  can  be  seen  only  with  fairly 
large  telescopes.  R.  T.  Crawford. 

Berkeley  Astronomical  Department,  September  14,  1914. 

Some  Features  of  the  Spectra  of  Iron  and  Chromium  in 
THE  Vacuum  Arc. 

The  arc  burning  in  a  partial  vacuum  is  known  to  give  greater 
sharpness  to  the  spectrum  lines  in  general  and  greater  strength 
to  the  enhanced  lines,  as  compared  to  the  arc  in  air.  Other 
effects  due  to  the  altered  character  of  the  discharge  have  been 
noted  in  the  few  investigations  made  with  this  source. 

The  writer  has  recently  arranged  a  set  of  fitting^  for  a 
vacuum  arc  which  may  be  used  when  desired  in  the  chamber 
regularly  employed  for  the  electric  furnace.  The  arc  electrodes 
are  controlled  by  hand  by  means  of  rods  passing  thru  stuffing 
boxes  in  the  end  of  the  steel  chamber.  Preliminary  observa- 
tions have  been  made  with  iron  and  chromium  arcs  chieflv  for 
the  purpose  of  testing  whether  the  differences  observed  be- 
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tween  the  spectra  of  the  furnace  in  vacuum  and  the  arc  in  air 
are  due  in  any  large  degree  to  the  difference  in  pressure  of 
the  two  sources. 

The  photographs,  taken  with  the  first  and  second  orders  of 
a  15-foot  concave  grating,  show  that  while  differences  in  rela- 
tive intensity  occur  between  the  arc  in  vacuum  and  in  the  open 
air,  these  are  not  in  the  direction  of  greater  similarity  to  the 
furnace  spectrum,  but  indicate  rather  stronger  arc  conditions 
for  the  vacuum  arc,  as  would  be  expected  from  the  ability  of 
this  source  to  bring  out  metallic  enhanced  lines. 

The  sharpening  effect  of  the  vacuum  arc  is  very  decided, 
however,  for  certain  chromium  lines  which  are  very  diffuse  in 
the  arc  in  air.  Such  lines  are  rendered  sharp  by  the  vacuum 
furnace,  and  the  effect  is  apparently  due  to  the  reduced  pres- 
sure employed.  Perhaps  the  most  striking  cases  are  three 
very  diffuse  lines  given  in  the  violet  region  by  the  arc  in  air. 
The  only  measures  attempted  of  these  have  been  made  by 
ExNER  and  Haschek,  who  give  the  wave-lengths  to  one 
decimal  place.  The  vacuum  arc  and  also  the  furnace  in  vacuum 
show  two  of  these  lines  to  be  each  composed  of  three  lines,  the 
intensity  gradation  of  the  group  accounting  for  the  appear- 
ance of  the  line  in  the  arc  in  air,  where  the  components  widen 
and  blend  together.  The  third  of  the  diffuse  lines  narrows  to 
a  single  line  the  vacuum  arc.  The  sharpness  attained  is 
sufficient  to  allow  almost  the  same  precision  of  measurement 
as  is  given  by  the  ordinary  arc  lines. 

The  fdlowing  measurements  were  made  of  these  lines  on  a 
vacuum-arc  plate,  the  dispersion  being  i""=i.86A.  The 
values  are  referred  to  adjacent  lines  measured  by  Exner  and 
Haschek  : — 

Arc  in  air  Nearest  toUr  line,  element 

(ExiiBi  k  Hascsik)  Vacmna  arc  and  intensity  (Rowland). 
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It  is  seen  from  this  table  that  a  solar  line  occurs  with  a 
wave-length  agreeing  closely  with  each  of  these  chromium 
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lines.  Some  of  them  are  given  by  Rowland  as  due,  at  least  in 
part,  to  other  elements  in  the  Sun.  If  these  chromium  lines 
are  really  present  in  the  Sun,  it  would  mean  that  the  conditions 
of  the  solar  atmosphere  are  capable  of  sharpening  lines  in  a 
way  accomplished  in  the  laboratory  by  a  vacuum  source. 

The  arc  between  iron  terminals  in  vacuum  presents  some 
interesting  features.  A  pink  glow  surrounds  the  point  on  the 
positive  pole  from  which  the  arc  proceeds.  Towards  the  nega- 
tive pole  the  vapor  is  bluish  green,  with  an  absence  of  the 
yellow  envelope  given  by  iron  oxide  when  the  arc  burns  in  air. 
This  negative  glow  gives  the  iron  arc  lines  strongly,  while 
the  discharge  at  the  positive  pole  is  especially  effective  in  giv- 
ing the  spectra  of  hydrogen  and  nitrogen,  probably  supplied 
by  the  residue  of  air  in  the  chamber.  The  reddish  glow  is  due 
to  a  high  intensity  of  Ha.  Bathed  plates  covering  the  region 
from  A  5000  to  A  6700  show  Ha  several  times  as  strong  as  the 
brightest  iron  line  in  this  range,  which  includes  the  brilliant 
arc  lines  of  the  green-yellow,  a  region  to  which  the  plate  is 
more  sensitive  than  to  Ha.  The  line  H)8,  which  appears  on 
other  plates,  is  faint  relatively  to  neighboring  iron  lines,  the 
vacuum  arc  appearing  to  give  a  strong  intensity  gradient  be- 
tween the  two  members  of  the  hydrogen  series.  At  the  nega- 
tive pole.  Ha  may  be  detected,  but  is  very  faint. 

In  the  violet  and  blue,  the  spectrum  given  near  the  positive 
pole  of  the  iron  arc  is  dominated  by  the  nitrogen  bands  be- 
longing to  the  second  positive  group  of  Deslandres.  A  sim- 
ilar phenomenon  was  noted  by  Hagenbach  for  the  copper  arc 
in  vacuum.  The  bands  are  strong  and  the  dispersion  employed 
gives  a  good  resolution  of  the  component  lines.  The  weakness 
of  the  iron  lines  at  the  positive  pole  is  very  pronounced,  the 
exposure  time  required  for  these  being  about  fifty  times  as 
great  as  at  the  negative  pole.  Arthur  S.  King. 

Mt.  Wilson  Solar  Observatorv,  September  16,  1914. 

Note  on  the  System  of  Epsilon  Hydr.€. 

The  object  of  this  note  is  to  call  the  attention  of  astronomers 
interested  in  measures  of  radial  velocity  to  the  fact  that  the 
stars  A  and  B  in  the  system  of  e  Hydra  are  now  approaching 
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the  line  of  nodes.  According  to  my  elements/  the  star  B  will 
I>a>s  the  ascending  node  in  April,  191 5.  Since  the  date  of 
I>eria>iron  is  1916.27.  only  a  year  later,  the  orbital  velocity  is 
now  very  rapid  and  the  companion  will  traverse  180^  of  true 
anomaly  and  reach  the  descending  node  by  April,  191 7. 

It  follow.>  that  a  series  of  spectrog^phic  measures  beginning 
at  the  present  time  and  extending  over  the  next  three  years 
will  ^ive  both  the  maximum  and  the  minimum  radial  velocity 
of  the  brighter  star  A.  and  be  of  the  greatest  service  in  cor- 
recting the  orbit  elements. 

c  Hydrcp,  it  will  be  remembered,  is  at  present  the  only  binary 
system  whose  elements  can  be  determined  both  by  micrometer 
measures  and  by  measures  of  radial  velocity.  Measures  which 
I  sccure<l  on  two  nights  with  the  36-inch  telescope  gave  the 
In>Nition:  1914.26  265^4,  o".20,  in  good  agreement  with  that 
pretlicted  by  my  orbit.  The  angular  distance  is  diminishing 
rapidly  and  will  reach  the  minimum  of  about  o".o8  early  in 
n>i6.  It  will  hardly  be  possible  to  secure  reliable  micrometer 
measures  after  April,  191 5,  until  the  companion  is  near  the 
<ifscending  node  in  1917.  This  fact  adds  to  the  importance  of 
securing  good  measures  of  the  radial  velocity  in  that  interval. 

R.    G.    AlTKEN. 
Scptcml>cr,  19 14. 

The  Bright-Lise  Star  A.  G.  C.  22748. 
(a  =16*  44".5:  «=  —41^  4'.) 

This  star  was  discovered  to  have  bright  lines  in  its  spec- 
trum by  Mrs.  Fleming  in  1889  from  the  study  of  the  Harvard 
College  Observatory  objective-prism  plates  taken  at  Arequipa, 
Peru.  When  the  designation  "fifth  type"  was  suggested  by 
Pickering  in  1891  for  the  thirty-three  bright-line  stars  then 
known,  he  placed  this  star  in  the  second  of  three  divisions, 
differing  as  to  the  widths  and  intensities  of  the  lines,  and  re- 
niarkcd  that  the  lines  appeared  to  be  Orion  lines,  bright  instead 
of  dark.  The  star  is  included  in  the  list  of  Wolf-Rayct  star^ 
ob>cr\'ed  in  1894  by  Campbell,  who  noted  the  bright  lines  at 
4ifKX>A  and  4637  A  and  the  bright  borders  to  Hy  434O  A 
and  He  4473  A.     In   1898  Harvard  College  Observatory  re- 
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ported  the  presence  in  the  star's  spectrum  of  the  additional  daric 
hydrogen  lines  H(;',  Hc^,  HS',  Hy',  and  a  "bright  double  band" 
at  4633  A.  Miss  Cannon's  classification  of  1900  places  it  in 
Class  Oe,  which  is  characterized  by  the  two  bright  bands 
4633  A  and  4688  A,  numerous  dark  lines,  the  strongest  of 
which  are  those  of  the  hydrogen  series  from  Up  to  H^,  the 
additional  hydrogen  series  Hy',  H8',  He',  Hf,  which  were  first 
found  in  H^Puppis,  and  the  helium  lines  4026  A,  V4120A, 
4471  A,  4712 A.  Her  descriptive  remarks  are:  "The  bright 
band  4688  is  half  as  wide  and  half  as  intense  as  in  A.  G.  C. 
931 1,  the  typical  star.  Hp  is  faint  and  dark  and  bright  on  red 
edge.  Line  4514.5  A  is  bright  on  violet  edge.  A  bright  line 
is  present  at  4490  A.  Band  4633  A  is  widely  double."  Lastly, 
the  star  is  included  in  the  list  of  fifth-type  stars  in  Mrs. 
Fleming's  collection  of  Peculiar  Spectra,  dated  191 2,  with  the 
remark:   "Band  4633  A  is  double." 

A  more  detailed  study  of  this  star  than  has  previously  been 
published  is  presented  in  the  recent  Lick  Observatory  Bulletin, 
No.  257.  It  deals  with  the  results  of  the  measures  of  three 
plates  taken  with  the  two-prism  spectrograph  of  the  D.  O. 
Mills  Expedition  at  Santiago,  Chile,  on  the  dates  1908  July  20, 
1910  July  30,  1912  August  12.  The  measures  of  the  helium 
line  4471.676  A  on  each  plate  gives  a  velocity  of  between  50 
and  60  kilometers  toward  the  Sun.  Nearly  all  the  lines  and 
bands  visible  on  the  plates  are  identified  with  previously  an- 
nounced stellar  wave-lengths.  Six  bright  lines  and  three  dark 
lines  were  measured  and  their  wave-lengths  deduced.  These 
wave-lengths  and  descriptive  notes  for  all  the  lines  and  bands 
are  given  in  tabular  form  in  the  Bulletin,  The  particular  points 
which  have  not  before  been  noted  are:  The  pair  of  lines  at 
4634.7  A  and  4641.8  A  appear  as  two  unrelated  lines,  rather 
than  as  a  "double  4633  A."  The  dark  line  at  4514  A  is  prob- 
ably bright  on  the  red  edge  at  4517.2  A,  rather  than  on  the 
violet  edge,  since  the  bright  line  at  4504.7  A  appears  farther 
from  the  dark  line  than  that  at  4517.2  A.  An  inconspicuous 
bright  line  appears  at  4486.3  A  and  may  possibly  be  a  bright 
border  to  a  very  faint  and  broad  absorption  band  at  about 
4482  A.  The  hydrogen  lines  Hy  and  H8  are  bright  on  the  red 
edge,  as  well  as  H)8,  which  alone  is  bordered  in  the  typical  star 
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of  Qass  Oc, — namely,  A.  G.  C.  931 1.  As  in  the  latter,  Hp  is 
not  so  strong  as  Hy  and  H3.  Slight  brightening  is  present  on 
the  red  edge  of  H/,  4542.1  A,  and  He  4471  A,  but  it  is  pre- 
sumably not  as  conspicuous  as  in  A.  G.  C.  931 1  and  A.  G.  C 
22843,  respectively.  The  bands  4634.7  A,  4641.8  A,  and 
4686.3  A  are  each  about  3.5  angstroms  in  width.  The  first 
two  arc  equally  intense  and  somewhat  stronger  than  4686.3  A. 
The  two  dark  lines  at  4089  A  and  4096  A  have  recently  been 
ascribed  by  Miss  Cannon  to  argon. 

The  distinctive  features  of  this  star's  spectrum  are  the  sev- 
eral bright  lines  or  bands  which  are  characteristic  of  the  Wolf- 
Rayet  stars,  the  numerous  wide  dark  lines  which  are  char- 
acteristic of  the  Orion  type  stars,  and  the  bright  borders  of 
the  hydrogen  and  helium  lines  which  are  characteristic  of  the 
bright-line  stars  of  Qasses  B  to  A.  These  features  aid  in 
establishing  the  connection  of  the  Wolf-Rayet  with  the  early 
type  stars,  a  connection  quite  certain  but  not  fully  understood. 

G.  F.  Paddock. 

S^tember,  1914. 

Reu\tion  of  the  Mount  Wilson  Photographic  and 
Photovisual  Magnitude  Scales. 

With  the  aid  of  an  objective-grating  attached  to  the  60-inch 
reflector,  Hertzsprung  has  determined  the  effective  wave- 
lengths of  about  two  hundred  stars  in  the  cluster  N.  G.  C.  1647. 
He  has  also  provided  data  by  means  of  which  the  color  indices 
of  the  individual  stars  may  be  calculated  from  their  respective 
effective  wave-lengths. 

Since  color  index  is  by  definition  the  difference  between 
photographic  and  visual  (or  photovisual)  magnitude,  it  fel- 
lows that  a  comparison  of  color  indices  derived  from  magni- 
tudes with  those  calculated  from  effective  wave-lengths  affords 
a  control  upon  the  mutual  relation  of  the  photographic  and 
visual  magnitude  scales.  The  test  is  the  more  important  in 
that  it  can  be  applied  to  relatively  faint  stars.  There  is  no 
particular  difficulty  in  establishing  the  two  scales  so  that,  in 
accordance  with  international  convention,  they  coincide  at  the 
sixth  magnitude  for  stars  of  spectrum  Ao.  But  when  this  has 
been  accomplished,  it  is  difficult  to  find  assurance  that  they 
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stand  in  the  proper  relation  to  each  other  in  the  region  of  the 
fainter  magnitudes.  Any  divergence,  unless  affecting  both 
scales  equally,  must  disturb  this  relation.  As  such  divergences 
are  notoriously  difficult  of  detection,  the  suggested  comparison 
of  color  indices  seems  important. 

The  test  has  been  applied  to  the  region  investigated  by 
Hertzsprung  by  comparing  the  cluster  with  the  Pole,  for 
which  both  the  photographic  and  photovisual  magnitudes  have 
been  determined  on  an  absolute  scale.  For  the  photog^phic 
scale  ordinary  plates  were  used;  for  the  photovisual,  isochro- 
matic  plates  exposed  behind  a  yellow  filter,  the  instrument  be- 
ing the  6o-inch  reflector. 

Inasmuch  as  any  error  in  the  zero  point  of  the  magnitudes 
for  the  cluster  enters  undiminished  into  the  color  indices, 
special  precautions  were  taken.  Only  nights  of  first  quality 
were  used;  observations  were  made,  as  nearly  as  possible, 
when  the  cluster  was  at  the  altitude  of  the  Pole ;  the  exposures 
were  short,  not  exceeding  five  minutes ;  the  multiple  exposures 
always  began  and  ended  with  the  same  field,  so  that  the  order 
was:  cluster,  Pole,  Pole,  cluster,  or  the  inverse;  and,  finally, 
the  number  of  comparisons  was  five  for  each  scale,  made  upon 
five  separate  nights. 

Each  plate  gave  a  series  of  magnitudes,  photographic  or 
photovisual,  for  the  stars  of  the  cluster  based  upon  the  Mount 
Wilson  magnitudes  for  the  polar  stars.  The  means  for  the  five 
series  for  each  scale  were  adopted  for  the  calculation  of  the 
color  indices.  The  zero  point  deviations  of  the  separate  plates 
from  the  means  for  the  five  are: — 

Photographic +0.04    — 0.04    — 0.14    +0.14    — 0.04  magnitude 

Photovisual +0.06    +0.01    —0.09    +0.03    — 0.08         ** 

The  indicated  probable  error  in  the  zero  points  of  the  two 
scales  is  therefore  rt:  0.03  magnitude,  so  that  the  uncertainty 
in  the  color  indices  arising  from  this  source  is  d:  0.04 
magnitude. 

Aside  from  this  error,  there  is  also  to  be  considered  that 
due  to  differences  in  slope  between  the  adopted  scale  for  the 
cluster  and  those  of  the  Pole.  The  latter  is,  however,  very 
small,  as  experience  shows  that  the  mean  of  five  such  com- 
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"MTalc-^  for  the  rr-ar  ^ta'-?  are  *t:!I  'i^'i^rrct  t'k  correct:  r^  of  a 
few  hiir.'Irclths  of  a  rra^-r :*-:*!«.  It  :-*  un!:<cly.  h  •v%e^er.  that 
all  STurcc*  cf  erT'-r  c>  r^^f^r.t^l  rrr.'Ier  the  rrran  c  vor  ir^'iex 
fn  TTi  the  rrac'itu.Ici  tT'-r-'^a-n  *-.    a-  rriich  a<  a  te^th  of  a 

The  infcrcrre.  th-'c*  'e.  :-  'h  tt  :  'a  rvcan  r  ij^itu  :e  wliich 
n*a>  lie  t*ikrn  a*  u^,  ::'e  ^''►'r't  V\  :I^  n  p'l:  :«..;ra'!::c  an*! 
f.hi  to\  i^ual  naz^-'T-'f-^  a'-e  t'^  -"" -t.-in::a"y  t'^e  orrect  tr-a- 
ti'  n  t«»  each  rthrr  !  'i»'^-  'h-  tt  :<  *'  ^1%  <  thit  if  eit''.-'  <ca'e 
(kviates  a[  7-ro~'/i^-*.  Xr  -:  the  tn:e  a*"*^  h:te  mta^v.  the  tether 
n:u^t  be  alYccte»i  hy  a  ^ii-iLar  «i:%-erj:cr.ce. 

F.  H.  Sevees. 

Mt.  \V;l<o?i  Solsm  Ctn-'iJi.  \^'m>,  A  «-:*:  li*^  ir^r4. 
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Two  NEBULiE  WITH   LaRGE  RaDIAL  VELOCITIES. 

In  the  course  of  the  determination  of  the  radial  velocities  of 
a  number  of  nebulae  at  Mount  Hamilton,  two  planetaries  in 
addition  to  those  announced  in  Number  151  of  these  Publica- 
tions have  been  found  to  have  large  velocities  in  the  line  of 
sight.  They  are:  N.  G.  C.  6644  (a=  i8»»  26".4;  8  =  —  25*" 
12'),  for  which  the  mean  of  the  measures  of  four  spectrograms 
by  Miss  Hobe,  Messrs.  Selga,  S.  J.,  and  Moore  gives  +  190.9*™ 
and  Second  Index  N.  G.  C.  4732  (a=  18**  27".9;  S  =  — 22"* 
43'),  for  which  the  mean  of  four  spectrograms  measured  by  the 
above  observers  is  — 147.7^".  The  radial  velocity  corrected 
for  the  solar  motion  is  therefore  for  the  first  nebula  +  202*™, 
and  for  the  second  — 136*'"  per  second. 

J.  H.  MooRE. 

Personal  Note. 

The  degree  of  Doctor  of  Philosophy  in  Astronomy,  Mathe- 
matics and  Physics  was  conferred  on  Mr.  Daniel  Walter 
Morehouse,  B.  S.,  Drake  University,  1900  and  M.  S.,  Drake 
University,  1902,  at  the  annual  commencement  of  the  Univer- 
sity of  California  on  May  13,  1914. 

Mr.  Morehouse  holds  the  chair  of  physics  and  astronomy  in 
Drake  University.  He  has  pursued  graduate  work  in  the  Uni- 
versities of  Chicago  and  California,  including  theoretical  work 
at  Chicago  and  Berkeley  and  practical  work  at  the  Yerkes  and 
Lick  Observatories.  He  completed  his  studies  for  the  degree 
in  the  University  of  California  during  the  academic  year  191 1- 
12,  while  on  leave  of  absence  from  Drake  University  and  was 
awarded  his  degree  upon  submitting  a  thesis  on  the  "Orbit  of 
the  Seventh  Satellite  of  Jupiter,"  of  which  the  following  is  an 
abstract : — 

The  original  determination  of  the  elements  of  the  orbit  of  the  seventh 
satellite  of  Jupiter  presented  an  unusually  difficult  problems-designated 
almost  impossible  by  some  investigators— on  account  of  the  large  and 
irregular  solar  perturbations  during  the  time  from  January  3  to  March 
6,  1905,  over  which  the  discovery  observations  extended.  Solutions, 
which  took  account  of  the  perturbations,  were  accomplished  by  Dr. 
F.  E.  Ross  by  a  general  satellite  theory  and  by  Dr.  R.  T.  Crawford 
and  Mr.  A.  J.  Champreux  by  Leuschner's  method  of  direct  solution 
of  orbits  of  disturbed  bodies. 
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Both  solutions  require  improvement,  the  former,  although  later  ex- 
tended by  Ross  to  represent  12  observations  distributed  uniformly  from 
January  3,  1905,  to  September  25,  1906,  because  the  satellite  theory  was 
based  on  approximate  osculating  elements  and  confined  to  the  principal 
term*;  the  latter  because  of  the  shortness  of  the  arc  from  which  the 
preliminar>'  osculating  elements  were  deduced. 

The  author  undertook  the  task  of  deriving  an  accurate  set  of  osculat- 
ing elements  by  a  further  application  of  Leuschner's  method,  partly 
for  the  purpose  of  testing  the  advantages  of  certain  closed  expressions, 
partly  in  order  to  test  the  accuracy  of  certain  directions  for  taking  full 
account  of  the  aberration,  and,  finally,  in  order  to  provide  a  set  of 
osculating  elements  of  sufficient  accuracy  to  serve  as  the  basis  of  any 
future  rigid  satellite  theory. 

The  plan  of  work  involved  an  extension  of  the  special  perturbations 
and  differential  corrections  on  the  basis  of  increased  arcs  of  the  pre- 
liminary elements  computed  by  Crawford  and  Champrecx  ;  the  revision 
of  the  perturbations  from  the  date  of  discovery  at  the  original  eight- 
day  intervals  on  the  basis  of  the  corrected  elements,  and  ultimately 
with  even  shorter  intervals ;  and  a  repeated  representation  of  the  avail- 
able positions  for  the  purpose  of  eliminating  defective  obser\'ational 
material. 

The  investigation  is  not  concluded,  but  the  first  two  objects:  the 
proof  of  the  advantages  of  Leuschner's  closed  expressions  for  cor- 
recting satellite  orbits  and  of  the  accuracy  of  the  directions  for  taking 
full  account  of  the  aberration,  have  been  attained,  while  another  re- 
vision of  the  special  perturbations  with  a  subsequent  differential  correc- 
tion of  the  elements  should  give  an  orbit  representing  the  available 
positions  within  the  errors  of  observation. 

A.  O.  Leuschner. 

Volume  XI,  Publicatio.vs  of  the  Lick  Observatory. 

This  volume,  entitled  "Photographs  of  the  Milky  Way  and 
of  Comets,  made  with  the  Six-Inch  Lens  and  Crocker  Tele- 
scope during  the  Years  1892  to  1895  by  E.  E.  Barnard,"  has 
just  been  distributed  to  the  correspondents  of  the  Lick  Ob- 
servatory in  the  L'nited  States,  Canada  and  Mexico.  The  dis- 
tribution to  European  and  other  foreign  correspondents  is 
delayed  by  the  war.  The  volume  contains  reproductions,  by 
the  collotype  process,  of  eighty-eight  photographs  of  the  Milky 
Way,  and  thirty-nine  photographs  of  comets;  also  a  plate  of 
lunar  photographs,  one  of  the  solar  corona  of  January  i,  1889, 
and  one  showing  the  Crocker  dome  and  the  Crocker  telescope 
with  the  Willard  lens.     In  addition  to  the  descriptions  of  the 
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individual  plates,  Professor  Barnard's  introduction  gives  a 
general  account  of  his  pioneer  work  in  astronomical 
photography. 

Personal  Notes. 

Director  Campbell  cabled  to  the  observatory  from  London 
on  September  8th  that  all  the  members  of  the  eclipse  party 
were  in  good  health.  The  censorship  of  cable  messages,  it  is 
presumed,  prevented  the  sending  of  any  further  news  as  to  the 
success  of  the  observations  at  Kiev.  On  the  same  day  a  letter 
came  from  the  eclipse  station,  mailed  by  a  friend  in  England, 
and  dated  August  15th.  At  that  date  the  preparations  were 
complete  for  the  observations  of  the  21st.  The  party  expected 
to  travel  via  Moscow  and  St.  Petersburg,  thru  Finland  and 
Sweden,  to  England;  and  this  plan  was  probably  carried  out. 
The  preparations  for  the  war  in  Russia  would  probably  not 
interfere  with  the  work  of  the  eclipse  party,  but  they  will  have 
to  leave  their  instruments  and  apparatus  in  storage,  either  at 
Kiev  or  possibly  at  Poulkova.  Lacking  further  news,  the  party 
is  expected  to  sail  from  England,  as  originally  planned,  on 
September  22d,  and  would  be  due  at  the  observatory'  about  the 
middle  of  October. 

The  news  of  the  failure  of  the  eclipse  observations  at  Kiev. 
Russia,  only  reached  the  Lick  Observatory  on  September  23d. 
The  afternoon  was  cloudy,  and  the  eclipse  was  not  visible. 
Evidently  a  cable  sent  from  the  eclipse  station  on  August  21st 
failed  to  reach  its  destination,  which  contingency  was  to  be 
anticipated  in  the  troubled  condition  of  affairs  in  Europe. 

Mr.  Seth  B.  Nicholson,  Instructor  in  Astronomy  in  the 
Berkeley  Astronomical  Department,  University  of  California, 
completed  his  volunteer  work  at  the  Lick  Observatory'  on  Au- 
gust 3d.  During  the  photographic  exposures  on  the  eighth 
satellite  of  Jupiter  with  the  Crossley  reflector,  he  noted  a  sus- 
picious object  in  this  region,  fainter  than  any  of  the  satellites 
hitherto  photographed.  The  object  was  first  identified  on  the 
plate  of  July  21st,  and  was  photographed  upon  several  plates 
of  later  dates.  Mr.  Nicholson  returned  to  the  Lick  Observa- 
tory on  August  2ist,  and  made  several  exposures  for  further 
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positions.  His  orbit  computations  have  finally  confirmed  the 
first  indications,  given  by  positions  and  motions,  and  the  object 
proves  to  be  a  ninth  satellite  of  Jupiter.  This  information 
was  telegrafrfied  to  the  astronomical  worid  on  September  nth. 
Some  of  the  faint  stars,  required  for  the  determination  of  the 
positions  of  the  new  satellite,  have  been  observed  with  the 
meridian  circle  by  Acting  Director  Tucker. 

Miss  Carrie  E.  Castle  assumed  the  duties  of  secretary  of 
the  Lick  Observatory  on  July  7th. 

Dr.  W.  W.  CoBLENTZ,  member  of  the  staff  of  the  Bureau 
of  Standards,  Washington,  D.  C,  completed  his  tests  of  the 
thermopiles  of  his  own  design,  with  the  Crossley  reflector,  in 
August,  and  left  the  observatory  on  September  3d,  to  rcstmie 
his  work  in  Washington.  In  the  six  weeks  spent  on  the  moun- 
tain he  was  able  to  obtain  satisfactory  results,  both  qualitative 
and  quantitative,  of  the  heat  of  the  various  classes  of  stars  of 
different  magnitudes.  The  indications  were  registered  by  a 
most  delicate  galvanometer,  and  his  entire  apparatus  is  an 
example  of  the  most  advanced  types  of  instrumental  construc- 
tion for  investigations  in  physics,  and  its  allied  science,  astron- 
omy. He  hopes  to  make  further  tests  with  even  larger  instru- 
ments than  the  Crossley  reflector,  at  some  favorable  opportunity. 

Dr.  S.  D.  TowNLEY,  of  Stanford  University,  has  continued 
his  variable  star  observations  with  a  photometer  attached  to 
the  12-inch  telescope  of  the  Lick  Observatory,  during  a  part 
of  the  summer. 

Mr.  Warren  Kimball  Green,  A.  B.,  Harvard  University, 
19 1 3,  began  his  graduate  work  as  Fellow  at  the  Lick  Observa- 
tory on  July  8th. 

Dr.  Eli  Stuart  Havnes,  after  spending  an  extra  month  at 
the  Lick  Observatory,  left  on  August  3d  to  take  up  his  duties 
at  Beloit  College. 

Father  M.  Selga,  S.  J.,  of  the  staff  of  the  Manila  Observa- 
tory, arrived  at  Mount  Hamilton  for  volunteer  work  at  the 
Lick  Observatory  on  August  24th.  Father  Seijga  has  spent  the 
past  year  in  American  observatories  at  Harvard.  Georgetown 
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and  Flagstaff,  and  will  continue  his  work  here  during  the 
autumn. 

In  the  latter  part  of  July;  while  on  Mount  Wilson,  Professor 
Hale  suffered  a  sudden  attack  of  appendicitis,  which  neces- 
sitated an  operation.  This  was  performed  with  entire  success 
on  August  8th.  The  recovery  was  rapid,  and  Professor  Hale 
was  able  to  leave  the  hospital  for  his  home  on  September  8th. 
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Preliminary  investigation  to  determine  the  localities  in  Can- 
ada where  the  atmospheric  conditions  would  be  most  suitable 
for  the  use  of  a  large  reflecting  telescope  was  carried  out  by 
Mr.  W.  E.  Harper  of  the  Dominion  Observatory.  From  his 
report  it  appeared  that  if  the  telescope  were  not  to  be  kept  at 
Ottawa,  Victoria  was  the  only  station  that  need  be  seriously 
considered.  The  superiority  of  this  station  over  Ottawa  in 
respect  to  "seeing*'  (3.8  to  2.6  on  a  scale  of  5)  and  low  range 
of  night  temperature  (3^.8  C.  as  compared  to  7°.6  C)  decided 
the  question. 


It  is  stated  in  Science  that  the  Nantucket  Maria  Mitchell 
Association  is  soliciting  funds  to  endow  an  astronomical  fel- 
lowship at  the  Harvard  College  Observatory.  Upwards  of 
$1,500  have  been  subscribed  towards  the  $12,000  desired. 


We  record  with  great  regret  the  death  of  three  well-known 
European  astronomers:  Carl  Frederick  Pechule,  "Obser- 
vator,"  of  the  University  Observatory  at  Copenhagen  since 
1888,  who  died  on  May  28,  1914,  at  the  age  of  71  years; 
Rudolf  Lehmann  Filh^s,  "Honorar-professor"  at  the  Uni- 
versity of  Berlin,  who  died  on  May  30,  1914,  at  the  age  of  60 
years;  and  Hermann  J.  Klein,  of  Koln-Lindenthal,  editor 
of  the  popular  astronomical  journal  Sirius,  whose  recent  death, 
at  the  age  of  72,  is  recorded  in  Science. 
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MiNL'TES  OF  THE  MEETING  OF  THE  ASTRONOMICAL  SOCIETY  OF 

THE  Pacific  held  in  Hearst  Hall,  Berkeley, 
ON  July  ii,  1914,  at  8xx>  p.  m. 

By  courtesy  of  the  President  of  the  University  of  California,  and  un- 
der arrangements  perfected  with  Professor  Charles  H.  Riebo,  Dean 
of  the  Summer  Session  of  the  university,  a  joint  meeting  of  the  Astro- 
nomical Society  of  the  Pacific  was  held  in  Hearst  Hall,  Berkeley,  on 
Saturday,  July  il,  1914,  at  8:00  p.m. 

Professor  R.  T.  Crawporo^  of  the  Students*  Observatory,  delivered 
an  illustrated  lecture  on  the  subject  of  "European  Observatories" 
(second  series).  A  large  number  of  very  interesting  pictures  was 
thrown  on  the  screen,  showing  the  positions,  environment  and  equip- 
ment of  many  of  the  European  observatories.  The  location  of  many  of 
them,  in  the  centers  of  large  cities,  was  described  as  being  unfavorable 
to  seeing  conditions  and  much  inferior,  in  this  respect,  to  American 
observatories.  Notwithstanding  their  generally  poorer  location  and 
equipment.  Professor  Crawford  described  them  as  places  of  great  charm 
and  historical  interest,  more  particularly  because  of  their  association 
with  the  names  of  men  who  have  become  immortal  thru  their  work 
in  astronomical  science. 


Meeting  of  the  Board  of  Directors  of  the  Astronomical 

Society  of  the  Pacific,  held  in  Hearst  Hall, 

Berkeley,  on  July  ii,  1914,  at  7:15  p.  m. 

The  minutes  of  the  previous  meeting  were  approved  as  printed. 

The  attention  of  the  Board  was  directed  by  President  Crawford  to 
the  movement  which  has  been  set  on  foot,  within  the  past  few  months, 
to  merge  the  Pacific  Association  of  Scientific  Societies  (of  which  the 
Astronomical  Society  of  the  Pacific  is  a  constituent  member)  into  a 
Pacific  Division  of  the  American  Association  for  the  Advancement  of 
Science.  The  following  communication  from  Professor  J.  N.  Bowman, 
secreury  of  the  Pacific  Association,  was  read: — 

PACIFIC   ASSOaATION   OF   SCIENTIFIC   SOOETIES 

Sbattls,  May  j6th,  1914. 
Mb.  D.  S.  RicHAUtoH, 

SccreUf7  Astronomical  Society  of  the  Pacific 
My  Dtmr  Ur.  Rickmdtoni 

I  eocIoM  herewith  a  conatitntion  for  the  proposed  merfing  with  the  American 
Ataociation  into  a  Pacific  Division.  I  commend  it  to  jroar  society  for  its  action. 
The  note  will.  I  hope,  explain  still  farther.  Anr  qiicsciona  that  our  come  to  mind 
pot  to  Prof.  TowvLKV,  who  was  00  the  constit«tional  committee  and  who  was 
present  at  the  execistiTe  committee  last  Saturday. 
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Biology,  Palaeontology,  Geology  and   Seismology  have  already  accepted  the  con* 
stitution  and  are  ready  to  sign  it  when  presented. 
Believe  me  very 

Cordially, 

J.  N.   BowMAjr. 

NOTE. 

At  the  executive  committee  meeting,  May  23rd,  191 4.  the  enclosed  consti- 
tution was  presented  by  Professor  Loudebback  for  his  committee,  appointed  April, 
1 913.  It  was  discussed  at  length,  and  regarding  it  the  following  motions  were 
passed: — 

It  was  moved  by  Dr.  Bbanner,  seconded  by  Prof.  Mebbiam,  that  the  committee** 
work  be  accepted,  and  that  the  constitution  be  approved  and  recommended  to  the 
constituent  societies  'for  their  action.     Carried  unanimously. 

It  was  moved  by  Prof.  Lawson,  seconded  by  Prof.  Mekriaii,  that  the  Pacific 
Association  shall  cease  to  exist  and  become  the  Pacific  Division  of  the  American 
Association  for  the  Advancement  of  Science  at  the  close  of  the  meeting  of  the 
American  Association  at  San  Francisco,  August,  19x5;  provided,  first,  that  by  that 
time  two-thirds  of  the  constituent  societies  shall  have  approved  the  constitution — 
and  signed  it;  and,  second,  that  the  officers  of  the  Pacific  Division  shall  have  been 
appointed,  organized  and  are  prepared  to  carry  on  the  work  of  the  Pacific  Asso- 
ciation.    Carried  unanimously. 

It  was  also  carried  unanimously  (moved  by  Prof.  Lawson,  seconded  by  Prof.  Meb- 
biam) that  the  secretary  be  instructed  to  send  a  copy  of  the  constitution  to  the  secre- 
tary of  each  constituent  society,  who  has  not  already  received  a  copy,  with  the  request 
that  each  society  act  on  the  question  of  adoption  or  rejection  of  the  constitution 
at  its  earliest  convenience  and  report  to  the  secretary  of  the  Pacific  Association 
its  action. 

It  was  carried  unanimously  that  it  be  the  understanding  that  the  current  ex- 
penses of  the  secretary  until  the  transfer  of  the  Pacific  Division  be  paid  by  the 
Pacific  Division  of  the  American  Association.  J.  N.  Bowman. 

After  some  discussion,  and  on  motion  of  Director  Aitken,  seconded 
by  Director  Cornish,  the  Board  voted  to  act  in  harmony  with  the 
plan  of  the  Seattle  meeting  and  to  acquiesce  in  the  merging  of  the 
Pacific  Association  into  a  Pacific  Division  of  the  American  Association 
for  the  Advancement  of  Science.  The  President  and  Secretary  were, 
therefore,  instructed  to  sign  the  proposed  constitution  of  the  new  or- 
ganization and  return  it  to  Secretary  Bowman  with  the  approval  of 
this  society. 

The  Secretary-Treasurer  reported  to  the  Board  the  failure  of  the 
Contra  Costa  Water  Company  to  pay  the  July,  1914,  interest  upon  the 
three  bonds  of  that  company  held  by  this  society.  The  matter  was  re- 
ferred to  the  Finance  Committee,  with  authority  to  take  such  steps  as 
might  be  necessary  to  protect  the  interests  of  the  society. 

A  verbal  report  was  made  by  the  Secretary  (who  had  been  appointed 
a  committee  of  one  for  that  purpose  at  the  last  meeting)  to  the  effect 
that  no  obstacle  existed  in  the  postal  laws  to  prevent  the  insertion  of 
advertisements  in  our  Publications. 

A  propos  of  the  last  award  of  the  Bruce  Medal  to  Dr.  Backlund,  bf 
Pulkovo,  the  following  letter  from  the  recipient  was  read  by  the 
Secretary : — 
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OBSERVATOIRE    CENTRAL    NICOLAS. 
rouLKovo  rmtM  db  st.  riTiutotic. 
CAsmrr  ou  Dirsctevb. 

May  ^4,   1914- 
Tmi  Slcictaet  or  AtTRONOMiCAL  Soarrr  or  thi  Pacific. 
I).  S.  RicaASOBov. 

/)r«r  .Sir- 

Exprr««ing  mjr  tincerc  thanks  for  yotir  amiable  letter  of  April  6,  I  have  the 
honor  to  report  that  the  Charge  d*Affairt  of  the  American  Embassy  at  St  Peters- 
barf  ha*  delivered  to  me  the  Bmce  Gold  MedaL  My  absence  abroad  for  some 
verks   delayed    the   reception. 

I  bef  yon  to  be  so  good  ai  to  transfer  my  thanks  to  the  society  and  tell  the 
members  that  I  regard  this  distinction  as  the  highest  an  astronomer  can  receive 
and  that  I  fear  it  is  above  my  merits.  Yon  may  be  convinced  of  the  sincerity  of 
this  feeling,  when  I  tell  yoa  that  I  admire  the  American  astronomers  on  behalf 
of  their  energy,  their  methods,  their  keen  scientific  ideas  and  the  mighty  progress 
of  astronomy  which  we  are  indebted  to  them. 

Yonrs,  very  gratefnlly, 
O.  Backlukd. 

Adjourned. 
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NOTICB 


Article  VIII  of  the  By-Laws  of  the  Society,  as  amended  in  1904,  reads  as 
follows:  "Each  active  member  shall  pay,  as  annual  dues,  the  sum  of  bve  dollars, 
due  on  the  first  day  of  January  each  year  in  advance.  When  a  new  member  is 
elected  during  the  nrst  quarter  of  any  year,  he  shall  pav  full  dues  for  such  )rear; 
when  elected  during  the  second  quarter,  he  shall  pay  three  fourths  only  of  such 
dues;  when  elected  during  the  third  quarter,  he  shall  pay  one  half  only  of  such 
dues;  when  elected  during  the  last  quarter,  oe  shall  pay  one  fourth  only  of  such 
dues;  provided,  however,  that  one  half  only  of  the  dues  in  this  article  provided 
for  shall  be  collected  from  any  member  who  is  actually  enrolled  as  a  student  at  a 
university,  seminary,  high  school,  or  other  similar  institution  of  learning,  during 
such  time  as  he  is  so  enrolled.  .  .  .  Any  member  may  be  released  from  annual 
dues  by  the  payment  of  fifty  dollars  at  anv  one  time,  and  placed  on  the  roll  of 
life  members  by  the  vote  of  the  Board  of  Directors.   .   .   .** 

Volumes  for  past  years  will  be  supplied  to  members,  so  far  as  the  stock  on  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries^ 
Single  copies  will  be  supplied  on  the  following  basis:  one  dollar  to  non-members, 
seventy-five  cents  to  dealers,  and  fifty  cents  to  members. 

Members  within  the  United  States  may  obtain  books  from  the  library  of  the 
Society  by  sending  to  the  Secretary  ten  cents  postage  for  each  book  desired. 

The  order  in  which  papers  nra  printed  in  the  Publications  is  decided  simply  by 
convenience.  In  general,  those  papers  are  printed  first  which  are  earliest  accepted 
for  publication.  Papers  intended  to  be  printed  in  a  given  number  of  the  PMica- 
tions  should  be  in  the  hands  of  the  Committee  not  later  than  the  20th  of  the  month 
preceding  the  month  of  publication.  The  responsibility  for  the  views  expressed  in 
the  papers  printed,  and  for  the  form  of  their  expression,  rests  with  the  writers,  and 
is  not  assumed  by  the  Society.  Articles  for  the  Publications  should  be  sent  to  the 
chairman  of  the  Committee  on  Publication,  R.  G.  Aitken,  Lick  Observatory,  Mt. 
Hamilton,  California. 

Reprints  of  the  longer  articles  appearing  In  the  Publications  will  be  furnished 
free  of  cost,  without  covers,  to  the  number  of  fifty  copies,  provided  the  request  for 
such  reprints  is  made  at  the  time  the  manuscript  is  submitted.  Binding  m  paper 
covers,  or  copies  in  exceto  of  fifty,  will  be  fumislied  at  cost  price. 

Regular  meetings  of  the  Society  are  held  in  San  Francisco  or  vicinity  on  the 
last  Saturdays  of  January,  March,  June,  and  November,  and  at  the  Lick  Obsenrm- 
tory  on  the  last  Saturday  of  August.  Members  who  propose  to  attend  a  meeting  at 
Mount  Hamilton  should  communicate  with  the  Secretary-Treasurer,  in  order  that 
srrangements  may  be  made  for  transportation. 
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THE  LICK  OBSERVATORY-CROCKER   ECLIPSE 
EXPEDITION   TO   BROVARY,    RUSSIA. 


By  W.  W.  Campbell  and  Heber  D.  Cltitis. 


Tho  this  powerfully  equipped  eclipse  expedition  shared 
the  ill-fortune  of  several  other  large  eclipse  parties  in  Russia 
in  its  failure  to  secure  any  results  because  of  unfavorable 
weather  conditions,  a  description  of  the  camp,  the  equipment, 
and  the  proposed  observations  may  not  be  without  interest, 
and  it  should  be  a  matter  of  record. 

It  is  sui>erfluous  to  express  our  gratitude  to  Regent  William 
H.  CRiKKiot  for  the  gift  which  made  the  expedition  possible. 
Thru  the  gifts  of  Mr.  Crocker  especially,  his  brother,  and 
of  Mrs.  PiKEBE  A.  Hearst,  the  Lick  Observator>'  has  been 
enabled  to  send  well-equipped  expeditions  to  observe  all  the 
more  im|x)rtant  total  solar  eclipses  since  its  completion  in 
1888,  resulting  in  a  collection  of  eclipse  observations  which  is 
doubtless  the  most  extensive  in  existence.  For  a  number  of 
eclipses  in  this  interval  of  twenty-six  years  no  attempt  was 
made  by  the  Lick  Observatory  to  send  expeditions  because  of 
known  poor  chances  of  success ;  and  in  nearly  all  these  cases 
the  lack  of  success  by  the  astronomers  who  went  has  shown 
the  wis<lom  of  our  abstention.  That  the  present  expedition 
cannot  claim  the  success  which  seven  out  of  our  eight  earlier 
expeditions  experienced  must  be  accepted  as  one  of  the  "for- 
tunes of  war,*' 

Accurate  information  bearing  on  the  probable  weather  con- 
•ditions  at  various  possible  sites  along  the  path  of  totality  was 
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unusually  difficult  to  secure.  Published  records  seemed  to  leave 
no  doubt  that  the  probabilities  of  freedom  from  clouds  were 
better  the  farther  south  one  went,  the  cloudiness  factor  ranging 
from  about  6.8  in  Sweden  and  Riga  to  2.3  in  the  Crimea,  on  a 
scale  of  10  for  total  cloudiness.  It  was  absolutely  essential  to 
be  as  near  as  possible  to  the  central  line  for  the  observations 
to  be  made  with  the  moving-plate  spectrograph.  The  lowlands 
and  other  unfavorable  conditions  along  the  central  line  in  the 
Crimea,  and  the  advantages  of  nearness  to  a  large  city  (other 
things  being  equal),  finally  led  to  the  tentative  selection  of  a 
site  to  be  located  as  near  as  possible  to  the  central  line  where 
this  line  passed  thru  the  small  town  of  Brovary,  some  twelve 
miles  northeast  of  Kiev,  in  the  Government  of  Chernigov. 
Also,  because  of  the  fundamental  requirement  as  to  position 
on  the  central  line,  it  was  necessary  to  decline,  with  great 
regret,  several  very  kind  offers  of  sites.  Mr.  Grefs,  Court 
Chamberlain  to  the  Czar,  with  characteristically  generous  Rus- 
sian hospitality,  offered  us  a  site  on  his  country  estate  at  Sta- 
vidly,  a  hundred  miles,  more  or  less,  southeast  of  Kiev;  the 
party  of  eight  would  be  his  personal  guests,  and  he  would 
supply  all  the  labor  and  local  transportation  we  needed.  But 
the  distance  of  Mr.  Grefs's  estate  from  the  central  line  (13 
kilometers)  compelled  us  regretfully  to  decline  this  exceeding- 
ly generous  invitation.  That  given  after  we  reached  Kiev 
by  the  Lord  Mayor  of  Kiev  to  locate  on  his  beautiful  grounds, 
and  Professor  Vogel*s  offer  of  a  site  in  the  large  enclosure 
about  the  Kiev  Observatory,  were  declined  for  the  same  reason. 
In  addition  to  the  instruments,  a  full  equipment  of  camp 
furnishings,  supplies,  and  staple  foods  was  taken,  repeated 
experience  having  shown  the  great  increase  in  comfort  and 
efficiency  to  be  gained  by  making  a  large  eclipse  camp  an  inde- 
pendent unit,  with  no  need  to  rely  upon  local  accommodations 
or  sources  of  supply.  The  freight  shipment,  amounting  to 
about  four  and  a  half  tons,  went  by  the  steamer  "Czar"  of  the 
Russian- American  Line  direct  to  Libau,  Russia,  which  was 
reached  on  July  8th.  It  has  been  our  invariable  rule  to  have 
some  member  of  the  eclipse  party  accompany  the  freight  ship- 
ment thruout  its  entire  course;  this  has  often  saved  serious 
delays  and  inconveniences.     Mr.  Curtis  accordingly  accom- 
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panied  the  freight.  It  was  planned  for  him  to  select  a  suitable 
site  to  the  northeast  of  Kiev  as  close  as  possible  to  the  central 
line,  at  which  point  Mr.  Campbell  and  the  rest  of  the  party 
would  later  join  him,  travelling  via  Italy  and  Austria. 

The  Russian  Government  had  granted  to  foreign  eclipse  ex- 
pe<litions  free  entry  for  the  instruments,  provided  none  were 
left  in  Russia,  free  railway  transportation  of  the  instruments, 
and  half-fare  passenger  tickets.  The  customs  concession  was 
interpreted  rather  strictly,  so  that  more  examination  was 
deemed  necessary  by  the  officials  at  Libau  than  we  had  expect- 
ed, but  the  officials  showed  the  expedition  every  possible  curtesy. 

Mr.  Curtis  reached  Kiev  on  July  nth.  The  search  for  a 
suitable  location  proceeded  rather  slowly,  as  this  was  the  sum- 
mer vacation  season,  and  nearly  all  officials  or  scientists  who 
might  be  of  service  were  away.  However,  invaluable  assist- 
ance was  rendered  at  this  time  and  thruout  our  stay  by  several 
members  of  the  Kiev  Circle  of  Amateur  Astronomers.  To 
these  gentlemen,  in  particular  to  Mr.  Nicolas  Zenchenko, 
the  able  president  of  this  society,  and  to  Mr.  Ivan  Iliinskv, 
a  prominent  member  of  the  society,  our  heartiest  thanks  are 
due.  During  the  days  spent  in  the  selection  of  the  camp,  thru 
the  troubled  and  changed  conditions  brought  on  by  the  war, 
and  until  our  final  departure  from  Kiev,  Mr.  Zenxhenko  and 
Mr.  Iliinskv  placed  themselves  unreservedly  at  our  disposal, 
and  were  always  ready  to  assist  or  advise.  Our  thanks  are  also 
due  Mr.  Meyer,  for  valuable  assistance  rendered  at  this  time. 

The  site  selected  was  the  Datcha  Lavrovskavo,  a  fine  country 
estate  belonging  to  Jutlge  Lavrovskov,  situated  on  the  northern 
edge  of  the  village  of  Ikovar>\  almost  precisely  on  the  central 
line,  as  corrected  by  the  English  astronomers  on  the  basis  of 
recent  observations  of  the  Moon's  motion.  The  estate  was 
unoccupied,  as  Judge  Lavrovskov  had  been  transferred  to 
another  district  some  time  before,  but  by  a  very  fortunate 
coincidence  Madame  Lavrovskov  happened  to  be  staying  there 
for  a  few  days,  and  arrangements  for  its  rental  were  made  at 
once.  We  are  grateful  for  her  curtesy  in  allowing  us  to  occupy 
this  fine  site  and  for  her  assistance  in  arranging  the  first  details 
of  our  occupancy.  The  Datcha  comprised  eleven  acres,  all 
enclosed,   an   excellent   two-story   residence,   bams   and   out- 
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buildings,  cellar,  conservatory,  and  even  a  small  observation 
tower.  A  few  hours'  work  converted  the  half-underground 
winter  section  of  the  conservatory  into  a  very  convenient  daric 
room.  There  were  many  fruit  trees,  some  larger  timber,  and 
a  lawn  in  front  of  the  house  which  offered  an  ideal  site  for 
the  instruments. 

Tents  had  been  taken  for  the  camp,  and  it  had  been  planned 
to  construct  a  kitchen  tent,  a  large  dining  tent,  and  a  dark 
room,  but  the  fortunate  location  at  the  Datcha  made  all  this 
unnecessary ;  a  few  tents  were  put  up  for  the  younger  members 
of  the  party  who  preferred  to  sleep  in  true  camp  fashion,  and 
for  work  tents.  Brovary  is  a  typical  Russian  town  of  perhaps 
three  thousand  inhabitants,  with  unimproved  dirt  streets  whose 
condition  becomes  indescribable  after  a  heavy  rain.  A  fine 
military  road  and  a  motor  tram  line  connect  it  with  Kiev.  Kiev 
is  a  thoroly  modem  city  of  over  half  a  million  inhabitants, 
picturesquely  located  on  high  bluffs  along  the  Dnieper  River. 
The  view  of  the  gilded  domes  of  its  many  churches  and  cathed- 
rals, and  the  panorama  of  river  and  plain  to  be  seen  from  the 
open-air  restaurant  of  the  Kupetchky  Sobraniya  (Merchants' 
Qub)  on  a  bluff  overlooking  the  Dnieper,  are  very  fine. 

The  freight  was  taken  out  to  the  camp  on  July  i8th  and 
unpacked;  Mr.  Campbell  and  the  other  members  of  the  party 
arrived  on  the  21st.  The  party  numbered  eight:  Director 
Campbell  and  Dr.  Curtis;  Mrs.  Campbell  and  her  mother, 
Mrs.  Elizabeth  Thompson  ;  and,  in  the  capacity  of  voluntary 
assistants,  Dr.  Campbell's  three  sons,  Wallace  Campbell 
(Harvard  '16),  Douglas  Campbell  (Harvard  '17)  and  Ken- 
neth Campbell  (Hotchkiss  '17) ;  and  Mr.  Charles  F.  Brush, 
Jr.,  (Harvard  '15).  Within  three  days  the  living  arrange- 
ments were  perfected,  and  the  real  work  of  preparing  for  the 
eclipse  was  begun. 

With  the  four  energetic  and  active  young  Americans  as  help- 
ers the  work  of  setting  up  the  instruments  proceeded  very 
rapidly;  in  fact,  as  time  progressed,  it  became  increasingly 
difficult  to  provide  work  for  our  insatiable  young  assistants. 
So  rapidly  did  the  work  go  that  the  last  two  weeks  were  easy, 
and  everything  could  have  been  in  readiness  ten  days  before 
the  eclipse.     Mrs.  Campbell,  as  at  several  previous  eclipses. 
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was  a  most  efficient  *'Secrctar>'  of  the  Interior/*  adnrinistering 
to  our  material  wants  with  the  assistance  of  a  large  domestic 
staff,  and  seeing  to  it  that  our  drinking  water  was  adequately 
boile<l  and  sanitarily  irreproachable.  All  in  all,  our  life  at  the 
Datcha  Lavrovskavo  was  a  verj'  pleasant  one,  and  the  mem- 
bers of  the  party  will  always  remember  it  as  a  ver>'  delightful 
experience,  except  for  the  vital  two  minutes  and  fourteen 
seconcls  on  the  day  of  the  eclipse. 
The  instruments  were  as  follows: — 

1.  The  40- foot  Tele'=^oj>e.  This  in^^trument.  for  large-scale 
photi>graphs  of  the  con>na,  was  mounted  as  in  previous  eclipses, 
and  no  further  description  is  nece*^sar\'.  With  this  instrument 
ten  ex|K>sures  varying  from  instantaneous  to  ^2  seconds  were 
to  be  made  on  14  X  1 7-inch  plates.  It  was  in  charge  of  Mr. 
Wallace  Campbell,  assisted  by  Mr.  (iF,oR(;E  M.  Day.  Mr. 
Day  and  his  family  are  the  only  Americans  in  Kiev,  to  the 
l)est  of  his  knowledge:  he  is  in  charge  of  the  International 
Y.  M.  C  A.  work  in  Russia,  and  we  take  this  opY)ortunity  to 
thank  him  Ur  the  many  important  ways  in  which  he  assisted  us. 

2.  The  polarizing  Photometer^.  These  instnmients  were 
the  same  as  thsi^e  use<l  in  the  eclipses  of  ujo^  and  l<)d^,  with 
the  exception  that  light  tubes  and  diaphrams  were  provided  in 
front  of  the  objective  ends  so  as  to  prevent  the  entrance  of 
light  from  any  other  region  than  that  immediately  al)oiit  the 
Sun.  Two  of  the^  photometers  reflected  the  light  from  the 
corona  into  the  cameras  by  means  of  un silvered  glass  flat^ 
place*!  at  the  |)olarizing  ant:le,  and  the  photometer*?  were 
mounte<l  at  <;o"  to  each  <.ther.  A  third  camera  was  |)ointe<l 
<lirectly  to  the  corona,  the  af)erture  of  the  lens  being  «;top|K^l 
down  to  0.62  inches.  The  ajjcrtures  of  the  others  are  two 
inches  each,  and  the  focal  lengths  of  all  three  are  ver>'  clo^e 
to  fifty  inches.  Tliese  j>o!arigraphs,  and  the  one-prism  s|>ec- 
tn>graph  described  in  the  next  paragraph,  were  mounte<l  on 
the  northern  polar  axis.  This  axis  and  its  instruments  were 
in  charge  of  Mr.  Dor<.i„\s  Campp.kll,  assisted  by  Mrs.  Camp- 
BEU.,  Mr.  Ze.nchenko,  and  Mr.  Merelll 

3.  The  One-Prism  S{>ectrograph.  Image  lens  1.62  inches  ai>er- 
ture  and  12.75  inches  focal  length:  collimator  lens  two  inches 
af)erturc  and  ^2  inches  focus:  camera  lens  2.c/)  inches  af)erture 
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and  12.40  inches  focus;  and  a  60°  prism  set  for  minimum 
deviation  at  Hy.  Purpose,  the  photography  of  the  coronal 
spectrum,  and  a  study  of  the  light  distribution  in  the  coronal 
spectrum. 

4.  Three-Prism  Spectrograph  for  accurate  determination  of 
wave-length  of  the  green  coronal  line.  Three  very  dense  flint 
60°  prisms;  image  lens  2.12  inches  aperture  and  20.2  inches 
focus;  collimator  lens  2.5  inches  aperture  and  20.96  inches 
focus;  camera  lens  2.06  inches  aperture  and  17.92  inches 
focus;  curved  slit  with  radius  of  3.3  inches;  total  deviation 
169°  39'. 

5.  Objective  Grating  Spectrograph  for  study  of  distribu- 
tion of  the  gas  in  the  inner  corona  which  forms  the  green  ring 
in  the  spectrum  of  the  corona.  Michelson  plane  grating  15,000 
lines  to  the  inch,  ruled  surface  2.68  by  3.86  inches,  used  in 
the  second  order:  a  triple  camera  lens  3.25  inches  aperture 
and  24  inches  focus,  corrected  for  the  D  region  of  spectrum. 

6.  Ultra  Violet  Objective  Spectrograph.  Single  U.  V. 
glass  prism,  60° ;  triple  U.  V.  glass  lens  2.60  inches  aperture 
and  78.74  inches  focus;  corrected  for  wave  length  3500. 
Purpose,  to  record  violet  and  ultra  violet  coronal  spectrum, 
and  the  photometry  of  the  spectrum.  The  three  spectrographs 
last  mentioned  were  mounted  on  the  southern  polar  axis,  and 
were  in  charge  of  Mr.  Charles  F.  Brush,  Jr. 

7.  Moving  Plate  Spectrograph  for  "flash"  spectrum.  Two 
60°  prisms  giving  a  deviation  at  Hy  of  100°  8' ;  triple  camera 
lens,  corrected  for  Hy,  2.12  inches  aperture  and  60  inches  focus. 
The  plate-holder  movement  was  controlled  by  a  valve  regulator 
on  a  glycerine  clepsydra  cylinder,  as  used  in  the  eclipses  of 
1905  and  1908.  The  exposure  at  this  instrument  was  by  Mr. 
Campbell;  it  was  mounted  nearly  horizontally  in  such  a  posi- 
tion that  the  tangents  to  the  cusps  at  second  and  third  contacts 
would  be  parallel  to  the  refracting  edge  of  the  prisms,  and  it 
received  its  light  from  a  coelostat. 

8.  The  Floyd  Telescope,  five  inches  aperture  and  70  inches 
focal  length,  for  smaller-scale  photographs  of  the  corona,  was 
mounted  horizontally,  receiving  its  light  from  the  same  coelo- 
stat as  the  moving-plate  spectrograph.  The  exposures  at  this 
instrument  were  in  charge  of  Mr.  Linnik. 
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9,  F^ur  Cameras  m::h  lenses  of  three  inches  a:<r:'jre  ar.-i 
11  feet  4  inches  fcal  Itr.^h.  These  ler.se^,  ar.  i  the  sheet 
steel  tubes  in  uhich  they  ^ere  nounteti.  ha  i  been  u^-U  in 
previa >us  ecli;  m^s  in  the  search  f:^r  int ram ercr: rial  jrlar.ets. 
While  it  was  the  irter.:: -n  to  search  for  such  i.bects  en  the 
plates  taken  with  these  ir.strjrr.ents.  this  was  secur..iar>-  to  the 
main  pur|*>se.  It  :<  an  intere^iir.^  c^nset^uencc  uf  the  thcor\- 
of  relativity  that  a  beam  ^.f  h^ht  passing:  thru  a  g:ravi:ati-^r^I 
ticM  shoultl  suHer  a  m.i-^utc  OerectivXi ;  the  t^tal  am.-»ur.t  oi 
this  <Ietlecti*-»n  for  a  ray  ir  m  a  star  pasMHi^  cl**-^  to  the  li'ib 
of  the  Sun  w-u*.'!  be  o".-*3  oi  arc.  The  d  »ubled  eltect,  f  ^r  a 
I^ir  <»f  stars  -ituatoi  ^n  .  j»;«.»-:te  si«ics  of  the  Sun  ar,.I  20' 
(hstant  Ir  •m  the  h"b,  w^uM  amount  to  three -<;uarters  of  a 
second  of  arc'  At  pre><rnt  this  seems  to  be  al>^ut  the  *.n!y 
physical  *»b^rvati<  n  which  we  can  make  to  test  the  the'»r)' 
ui  relativity,  a::*!  naturally  it  can  be  made  only  at  the  t:r>?  of 
t*ital  ^-'.ar  ec'.ij.^e.  Vroit:<^oT  Einstein,  the  chief  i.cvc!  ;*r 
t»f  the  th»^»r\  t*f  relativity,  has  been  <]uite  anxiuus  that  ec*.i;»^ 
obNervaiiiT.-^  \tc  ma  !e  t**  <icci-Ic  the  «iue>ti<>n  of  the  exi-ter.ce 
or  n*'n-exiNtcr!ce  *A  such  a  *!ef!ecti.n  of  hj;ht  when  pa^^-inij 
thru  a  vtn»nij  j^ravitatit»ral  tiel  I.  While  a  deHccti -n  i»f  the 
rays  fn»m  nearby  Ntar^.  if  f-Hmd,  m.i;^t  be  C'»r::f»licatei  with 
qucNti«'nN  as  to  the  am.'-'j'it  of  refraction  cau-eil  by  the  rare 
m;itter  *>f  the  c^r-  na.  the  problem  scemetl  to  be  of  sufficient 
imj- 'nance  to  warrant  a  th  iro  trial.  The  tul>es  \*ere  >*^  ar- 
ran;4e<l  tliat  the  Sun's  im.a^e  fell  in  the  center  of  each  of  the 
four  \h  X  20-inch  J  lates  usetl.  The  axis  on  which  thc>e  tul>e^ 
were  m-unteil  was  rated  f^r  sidereal  in>tead  of  -^-lar  tim.e. 
Cor!'jiarisi»n  plates  of  the  eclipse  rei4i»»n  of  >ky  were  taken  at 
M"unt  Ha:r.ilion  with  the  ir.Mrument  >et  up  exactly  as  it  was 
to  I*  \x^A  at  the  cclij^se.  and  with  cxjosures  of  the  san^ 
length  as  that  to  be  c»btaine<l  at  tlie  cclijt'^e.  By  measurinij 
the  stars  f'-ur.d  near  the  Sun  on  the  eclij>se  plates,  and  com- 
|)arin^  their  p'^iti'-ns  with  the  i>i>siti'»ns  ^ven  for  the  same 
stars  on  the  com{*ari'^in  plates  any  chan^c>  due  to  the  action 
of  the  Sun  in  ber.iir/4  the  rays  of  light  pa^sinj^  near  it.  c«>iild, 
it  is  l)elieved.  l>e  d**tected, 

ii9.   jjj,   *rA  3S»  77. 
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As  Rcgulus  was  very  favorably  placed,  slightly  over  a  degree 
from  the  eclipsed  Sun,  a  fifth  lens  of  the  same  size  and  focal 
length  was  mounted  with  the  other  four,  having  an  ocular 
provided  with  cross-wires,  and  set  by  calculation  so  as  to  have 
Rcgulus  central  when  the  Sun's  image  was  central  on  the 
large  plate;  it  was  hoped  to  be  able  to  use  Regulus  in  this 
way  as  a  guiding  star,  to  insure  perfect  roundness  in  the  star 
images.  This  mounting  was  in  charge  of  Mr.  Curtis,  who 
was  assisted  by  Mr.  Morgilevsky  and  Mr.  Iliinskv. 

10.  Extra- focal  Photometers.  These  were  mounted  on  the 
same  axis  as  the  four  lenses  for  the  relativity  test,  and  consisted 
of  two  other  lenses  of  the  **Vulcan''  type  mounted  seven  inches 
apart  in  the  end  of  a  double  camera  tube.  The  images  of  the 
Sun  formed  by  both  these  lenses  fell  upon  the  same  14  X  17- 
inch  plate  at  the  lower  end.  The  lenses  (of  three  inches  aper- 
ture and  eleven  feet  four  inches  focal  length),  were  mounted 
three  inches  out  of  focus,  and  one  of  the  pair  was  stopped 
down  so  as  to  give  a  light  reduction  of  one  magnitude.  By 
means  of  standard  squares  on  the  plate  and  the  extra-focal 
images  of  the  corona  and  of  Rcgulus  it  was  hoped  to  secure 
photometric  results  of  considerable  value,  and  data  as  to  the 
density  of  the  matter  forming  the  corona. 

11.  A  Qironograph  was  mounted  and  connected  with  the 
observing  chamber  of  the  40-foot  telescope  for  recording  the 
times  of  second  and  third  contacts ;  it  was  also  connected  with 
automatic  contacts  on  the  exposing  shutter  of  the  moving- 
plate  spectrograph  to  record  the  exposure  times  with  that 
instalment. 

The  signals  at  predetermined  intervals  before  totality,  and 
the  counting  of  the  seconds  for  the  observers  were  given  by 
Kenneth  Campbell.  General  Nicolskov  and  his  son,  with  a 
small  telescope  for  visual  observations  of  the  corona  and  prom- 
inences, were  also  at  the  camp  on  eclipse  day. 

All  the  plates  of  the  various  photometric  programs,  and 
selected  plates  of  the  40-foot  and  Floyd  programs,  were  stand- 
ardized by  the  imprinting  of  photographic  squares  from  an 
amyl-acetate  lamp,  the  principle  of  equal  exposures  in  equal 
times  at  varying  distances  being  followed  as  far  as  possible, 
instead  of  varying  exposures  at  a  fixed  distance. 
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Mr.  WALr.ACE  Campbfxl  had  charge  of  the  meteorological 
t»bser\ations  at  the  camp.  The  geographical  co-ordinates  of 
the  camp  at  Datcha  Lavrovskavo  are  as  follows,  determined 
l)v  sextant  observations  for  latitude  and  time  and  by  transport 
oi  our  chronometer  to  the  Observatory  of  Kiev  for  longitude : — 

I-ongitude,  2^  3"  5".5  E.  of  Greenwich 
Latitude,    -fso'    30'   24" 

We  are  indebted  to  Professor  \'ogel.  Director  of  the  Royal 
*  )bservatory,  Kiev,  for  the  comparison  of  our  chronometer 
time  with  accurate  Kiev  time. 

We  had  not  been  very  long  in  camp  before  it  became  evident 
that  the  chances  for  success  on  August  21st  were  very,  very 
slight.  To  quote  from  Mr.  Wallace  CAMPnELL*s  report  on 
the  weather  conditions  during  our  stay : — 

•'Of  the  thirty-five  days  during  which  the  party  was  at  the 
station,  only  ten  could  be  called  at  all  favorable  for  eclipse 
nI»ervations  at  2.47  P.  m.  (the  time  of  mid-totality),  and  the 
conditions  on  these  days  were  not  satisfactory.  Not  one  day 
of  the  thirty-five  was  entirely  clear  at  eclipse  time.  On  average 
<lays  if  a  storm  was  not  in  the  neighborhood  the  conditions 
were  these:  cumulus  clouds  appeared  in  a  clear  sky  about  10 
A.  M.,  and  increased  steadily  to  a  maximum  of  about  eight- 
tenths  between  2  and  3  P.  m.  The  cumulus  then  decreased,  dis- 
api)earing  by  sunset,  and  the  nights  were  clear.'* 

Obser\ers  at  Minsk,  Theodosia,  and  other  places  on  the  line 
of  totality  rciK)rt  precisely  the  same  state  of  affairs,  and  exam- 
ination of  weather  records  for  the  past  ten  years  shows  that 
this  is  the  rule  in  the  summer  weather  of  western  Russia. 
That  this  fact,  so  salient  and  so  vital  from  an  eclipse  stand- 
jv)int,  namely,  that  the  maximum  of  day  cloudiness  came  almost 
precisely  at  eclipse  time,  was  not  noted  and  communicated  to 
intending  observers,  seems  to  have  been  an  inexplicable  omis- 
sion. It  is  not  too  much  to  say  that  the  Lick  Expedition  would 
not  have  been  sent  had  this  important  fact  been  known  in 
advance. 

Stormy  conditions  prevailed  on  the  19th  and  20th,  and  the 
**tair*  of  this  stonn.  which  so  fortunately  left  clear  weather  in 
Swe<len  and  Riga,  was  just  passing  at  eclipse  time  on  the  21st 
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Nothing  could  be  seen  of  the  eclipsed  Sun,  and  no  observations 
of  any  sort  could  be  made.  Ten  minutes  later  a  little  might 
have  been  secured  thru  a  cloud  gap,  and  one  hour  later  the 
region  about  the  Sun  was  beautifully  clear.  The  temperature 
fell  irregularly  for  fifteen  minutes  after  the  first  contact,  then 
uniformly  until  twelve  minutes  after  the  end  of  totality.  The 
total  fall  was  2°.6  C.  The  rate  of  fall  was  not  noticeably 
increased  during  totality.  The  eclipse  was  a  very  dark  one 
for  us,  probably  owing  to  the  thick  clouds.  Messrs.  Jones 
and  Davidson,  at  Minsk,  secured  excellent  results  thru  a  clear 
space  in  the  generally  clouded  sky;  in  the  Crimea,  Dr.  Per- 
RiNE  and  Professor  Newall  were  unfortunate  enuf  to  strike 
a  cloud  between  two  clear  spaces,  and  secured  no  results.  Sev- 
eral small  parties  in  the  Crimea,  however,  located  but  a  short 
distance  away,  had  spaces  of  clear  sky  about  the  sun  at  eclipse 
time  and  were  successful. 

Some  ten  days  after  starting  life  in  camp  came  the  order  for 
the  Russian  mobilization,  and  we  shall  always  remember  the 
long  sad  procession  of  rude  carts  which  passed  the  Datcha 
early  one  morning,  transporting  the  men  of  our  little  town  to 
their  mobilization  depot.  The  priests,  carrying  the  glittering 
icons  and  banners,  gave  them  their  blessing,  and  the  scenes  of 
parting  with  the  wives  and  children  were  heart-rending;  it 
was  already  a  tragedy  to  these  peasant  women,  left  behind  to 
gather  in  their  little  crops  for  the  winter,  and  we  could  but 
recall  that  this  same  tragedy  was  doubtless  at  that  time  being 
multiplied  ten  thousand  fold  by  similar  scenes  in  nearly  every 
square  mile  of  Europe.  Then  came  in  quick  succession  those 
declarations  of  war  which  have  embroiled  Europe  in  a  catas- 
trophe such  that  the  wildest  writer  of  fiction  could  not  have 
predicted  or  imagined  six  months  ago.  Tho  Kiev  is  one  of 
the  main  mobilization  centers,  the  existence  of  a  state  of  war 
did  not  materially  change  life  in  the  city,  and  in  our  quiet 
Datcha  we  experienced  only  a  few  minor  annoyances,  but  no 
serious  difficulties.  We  were  impressed  with  the  thoro  and 
business-like  character  of  such  portions  as  we  saw  of  the 
Russian  mobilization ;  when  we  left,  one  month  after  the  dec- 
laration of  war  by  Germany,  there  were  still  forty  great  troop 
trains  a  day  passing  thru  Brovary,  and  earlier  in  the  mobiliza- 
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tion  there  were  more.  Communication  between  Brovary  and 
Kiev  became  more  difficult  and  uncertain.  All  gasoline  was 
commandeered,  and  the  never-too- reliable  tram  was  forced  to 
use  kerosene  instead,  while  the  great  Alexander  Chain  Bridge 
over  the  Dnieper  was  frequently  closed  for  hours  at  a  time 
for  the  passage  of  troops  or  interminable  batteries  of  heavy 
artillery.  We  had  intended  to  bring  our  Russian  volunteer 
assistants  from  Kiev  to  the  camp  by  automobile  for  the  pre- 
linnnar>'  drills,  but  all  automobiles  were  taken  for  military 
punx>ses,  and  according  to  military'  proclamation  no  civilian 
could  even  ride  in  an  auto  on  the  streets  of  Kiev  without  a 
permit  from  the  commandant.  "International  complications** 
arose  over  our  jewel  of  a  cook;  bom  in  BerHn,  she  had  been 
so  long  in  Russia  that  her  German  speech  was  not  above  re- 
proach ;  able  to  read  and  write  neither  Russian  nor  German, 
she  did  not  seem  at  all  dangerous,  but  no  exception  could  be 
made  to  the  general  order  which  placed  under  supervision  or 
detention  all  German  or  Austrian  subjects.  The  arrest  of  this 
energetic  character  left  such  a  gap  in  the  internal  economy 
of  the  camp,  that  all  our  influence  and  that  of  our  Russian 
friends  was  at  once  exerted,  with  the  result  that  after  four 
days  >he  was  brought  back  rejoicing  to  a  welcoming  camp.  We 
were  treated  with  great  consideration  by  the  officials,  and  we 
realized  that  the  small  annoyances  and  troubles  we  occasionally 
experienced  were  due  solely  to  war  conditions,  and  would 
never  have  been  met  with  under  ordinary  circumstances.  The 
German  expeditions  at  Theodosia  were  not  permitted  to  set  up 
their  instruments;  the  older  members  of  the  parties  were 
ordered  to  leave  at  once;  Doctors  Frec.vdlich  and  Zurhex- 
LF.N  of  the  Berlin  Observatory'  and  their  mechanician  MECHAr. 
being  reser\'ists  in  the  German  army,  were  detained,  and  are 
believed  to  be  at  present  in  the  Volga  district  as  prisoners 
of  war. 

There  seemed  to  be  no  cause  for  anxiety  as  to  any  hostile 
action  on  the  part  of  the  simple,  kindly  Russian  peasants,  but, 
that  there  might  be  no  reason  why  these  should  in  ignorance  be 
inclined  to  connect  three  such  events  as  the  eclipse,  the  Ameri- 
can party  and  the  war,  brief  and  sensible  pnxrlamations  were 
published  by  the  Governors  of  Kiev  and  Chernigov,  and  by 
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the  Metropolitan  of  the  Greek  Church  in  Kiev,  explaining  the 
phenomenon.  The  isprazmik,  a  high  official  of  our  district, 
thought  he  would  do  the  same,  and  his  proclamation  is  one  of 
our  cherished  mementoes  of  the  trip ;  he  advised  that  the  chil- 
dren should  be  kept  indoors  and  the  cattle  not  be  sent  out  to 
the  fields  on  the  day  of  the  eclipse ! 

As  no  civilian  freight  was  being  carried  by  the  railroads, 
the  disposal  of  our  instruments  became  a  problem,  but  this  was 
solved  thru  the  kind  assistance  of  General  Nicolskov,  who  se- 
cured special  railway  transportation  from  Kiev  to  the  Russian 
National  Observatory  at  Poulkowa,  where  Director  Backlund 
is  kindly  storing  the  instruments.  Whether  they  are  still  in 
storage  there,  or  are  being  sent  to  us  via  Vladivostock  and  the 
Pacific,  we  do  not  know. 

For  two  wxeks  before  we  left  the  observing  station  wx  gave 
considerable  thot  to  the  problem  which  was  always  referred 
to  as  **getting  out."  The  party  had  railway  tickets,  purchased 
before  leaving  America,  reading  thru  Berlin  and  Paris,  to 
London,  but  manifestly  no  longer  of  value.  The  route  via 
Odessa  and  Constantinople  was  impossible,  as  the  Russians 
daily  anticipated  that  Turkey  would  declare  war.  A  direct 
rail  journey  from  Kiev  to  Petrograd,  under  the  war  conditions, 
was  very  uncertain,  and  the  route  via  Moscow,  Petrograd,  and 
Finland  was  the  only  practicable  one  save  that  via  Siberia.  It 
was  feared  that  the  trip  would  be  a  long,  and  perhaps  a  very 
trying  one.  Only  one  passenger  train  a  day  ran  from  Kiev 
to  Moscow,  and  neither  money  nor  influence  could  guarantee 
a  seat  on  this  long,  slow  and  crowded  train.  As  it  turned  out, 
this  portion  of  the  journey  homeward  was  the  only  really 
unpleasant  part;  from  Moscow  on,  while  there  was  always 
uncertainty,  good  accommodations  were  available.  From  Mos- 
cow we  went  to  Petrograd.  Two  days  were  spent  there,  as 
the  movement  of  troops  in  Finland  and  the  taking  oflf  of  certain 
trains  made  it  impossible  to  leave  more  quickly.  It  seemed 
advisable  to  get  to  London  at  the  earliest  possible  moment, 
partly  because  of  rumors  that  nearly  all  Atlantic  passenger 
steamers  had  been  taken  oflf  for  troop-transport  service,  but 
principally  because  on  each  section  of  the  journey  (except  in 
Sweden  and  Norway)  it  was  impossible  to  get  reliable  infer- 
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mation  concerning  available  travel  facilities  on  the  next  section. 
It  was  important  to  "keep  coming/'  Aside  from  cloudy  sky  on 
August  21  St,  our  great  disap|)ointments  were  that  we  could 
not  take  time  to  visit  the  Poulkowa  Observatory,  nor  to  see 
our  good  friends  in  Stockholm.  Professor  and  Mrs.  Back- 
LUNi)  and  Professor  Belopolsky  kindly  came  to  Petrograd  to 
see  us  and  assist  us.  We  take  pleasure  in  acknowledging  a 
great  many  acts  of  kindness  and  assistance  to  the  exi)edition 
by  Professor  Backlund,  and  also  the  favors  extended  us  by 
the  Russian  Imperial  Academy  of  Sciences. 

At  Petrograd  we  were  joined  for  the  trip  "out'*  by  Messrs. 
PhkKiNE  and  Mtlvey  of  Cordoba,  who  had  been  at  Theo- 
doNia,  and  Messrs.  Jones  and  D.widsox  of  Greenwich,  who 
had  been  at  Minsk.  Passing  through  Finland,  we  stopped  half 
a  day  at  Tammerfors,  a  wonderfully  clean  Finnish  manufac- 
turing center;  from  here  we  went  to  Raumo,  Finland,  where 
steamer  was  taken  for  Stockholm.  Twice  on  this  trip  passen- 
gers were  ordered  below  decks  while  the  steamer  threa<led 
pasNagcs  on  the  Swedish  coast.  The  youngest  member  of  the 
party,  with  American  longing  for  excitement,  frequently  ex- 
presse<l  the  hope  that  we  might  see  a  German  cruiser,  a  wish 
which  was  not  at  all  echoed  by  our  English  colleagues. 

.\fter  a  pleasant  day  at  CTiristiania,  the  party  went  on  to 
Bergen,  thence  by  steamer  to  Newcastle,  England.  The  life- 
lx»ats  were  in  unostentatious  readiness  on  this  trip,  but  no  mine 
was  met  with,  and  the  party  were  very  glad  to  step  ui>on 
English  soil,  where  everything  seemed  outwardly  to  l)e  per- 
fectly normal  and  going  on  as  usual.  Mr.  Brush,  by  a  quick 
trip  across  England,  just  managed  to  catch  the  steamer  on 
which  he  had  engaged  passage.  DorcLAS  and  Kenneth 
Campbfxl.  unable  to  reach  Rotterdam  for  their  steamer,  had  a 
novel  experience  of  traveling  home  by  steerage.  The  rest  of 
the  party,  unable  to  secure  any  earlier  steamer  accommoilations 
than  those  they  had  engaged  in  March,  s|)ent  two  ver\'  enjoy- 
able weeks  in  London,  and  reached  Boston  on  the  30th  of 
September,  glad  to  be  once  again  in  a  land  where,  to  <|uote 
one  of  our  number,  **we  are  citizens  and  not  subjects/* 
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PLANETARY  PHENOMENA  FOR  JANUARY  AND 
FEBRUARY,  1915. 


By  Malcx)lm  McNeill. 


PHASES   OF   THE   MOON,   PACIFIC   TIME. 


Full  Moon Jan.  i,  4^  21™  a.m. 

Last  Quarter...    "    8,  i    13     p.m. 

New  Moon "  15,  6  42    a.m. 

First  Quarter...    "  22,  9   32     p.m. 
Full  Moon  "  30,  8  41     p.m. 


Last  Quarter. .  .Feb.  6,  g^  11™  p.m. 

New  Moon  "  13,  8   31     p.m. 

First  Quarter...    "21,6   58     p.m. 


There  will  be  only  two  eclipses  during  1915,  both  of  them 
central  eclipses  of  the  Sun.  This  is  not  a  very  common  occur- 
rence, but  it  happened  in  1904.  The  usual  number  is  four  or 
live.  The' first  of  these  will  not  be  visible  in  America,  as  it 
will  occur  on  the  night  of  February  I3th-I4th,  P.  S.  T.  As  the 
Moon  is  in  that  part  of  its  orbit  which  is  farther  than  its  aver- 
age distance  from  the  Earth,  its  apparent  size  is  less  than  that 
of  the  Sun,  and  the  eclipse  will  be  annular,  not  total.  The 
path  of  the  annulus  runs  from  a  point  south  of  Madagascar  to 
the  central  Pacific,  the  only  large  bodies  of  land  encountered 
being  Australia  and  New  Guinea.  The  second  eclipse  comes 
in  August  and  will  be  referred  to  in  a  later  paper. 

The  Earth  passes  perihelion  on  the  morning  of  January  2d. 

All  of  the  planets  except  Saturn  and  Neptune  are  in  the 
same  quarter  of  the  sky  as  the  Sun,  some  as  morning  and  some 
as  evening  stars. 

Mercury  is  a  morning  star  on  January  ist,  but  too  near  the 
Sun  for  naked-eye  observation.  It  passes  superior  conjunction 
on  the  morning  of  January  5th  and  becomes  an  evening  star, 
retaining  this  condition  until  February  21st,  then  passing  in- 
ferior conjunction  and  becoming  a  morning  star  again.  It 
reaches  its  maximum  apparent  distance  from  the  Sun,  18°  14', 
on  the  afternoon  of  February  5th,  and  then  remains  above 
the  horizon  about  an  hour  and  a  half  after  sunset.  For  ten 
days  before  this  date  and  a  week  or  bo  after  it  will  be  in  fair 
position  for  evening  observation.     As  the  planet  passes  peri- 


Astronomical  Society  of  the  Pacific,         239 

lielion  only  two  clays  after  the  time  of  greatest  elongation,  its 
apparent  distance  from  the  Sun  is  nearly  the  minimum  for  a 
greatest  elongation,  and  the  length  of  the  period  of  visibility 
is  smaller  than  usual.  The  next  period  of  visibility  as  an 
evening  star  will  occur  in  May  and  June,  and  will  give  a  longer 
and  better  opportunity  for  naked-eye  view.  Mercury  will  be 
in  conjunction  with  Mars  on  January'  ist  and  February  28th. 
with  rranus  on  January  20th,  and  with  Jupiter  on  Febniar)' 
i>t  and  February  i8th.  The  planets  are  too  near  the  Sun 
for  naked-eye  views  of  most  of  these,  but  that  with  Jupiter 
on  I'cbruary  1st  can  be  easily  seen  if  the  weather  is  good.  At 
the  time  of  nearest  approach  Mercury  will  be  o*^  ^i'  north  of 
Jupiter^  a  trifle  more  than  the  Moon's  apparent  diameter.  As 
seen  in  this  country,  however,  the  distance  will  be  a  little  more, 
the  time  of  conjunction  not  coming  until  after  the  planets  are 
1k»1«>w  our  horizon. 

Icnus  is  now  a  morning  star,  having  passed  inferior  con- 
junction with  the  Sun  on  November  27,  1914,  and  will  remain 
a  morning  star  until  it  reaches  superior  conjunction  on  August 
14th.  It  is  at  its  greatest  brightness  on  January  2d,  and  for 
a  few  weeks  it  will  be  visible  to  the  naked-eye  in  full  daylight. 
It  slowly  increases  its  apparent  distance  from  the  Sun  up  to 
Februar\'  6th,  when  it  reaches  its  greatest  west  elongation, 
4(i-  54'.  It  passes  perihelion  on  January  6th,  but  as  the  orbit 
is  only  slightly  eccentric  this  makes  little  difference  in  its 
api)earance.  as  compared  to  the  effect  produced  under  like  cir- 
cumstances on  Mermry  and  Mars^  whose  orbits  arc  verj'  eccen- 
tric. Thruout  January  Venus  will  rise  rather  more  than  three 
hours  before  sunrise,  but  the  interval  will  shorten  up  during 
February  to  less  than  two  hours  and  a  half. 

Mars  is  a  morning  star  on  January  ist,  having  passed  con- 
junction with  the  Sun  on  December  2^,  19 14,  and  will  remain 
a  morning  star  thruout  the  year  and  until  it  reaches  opposition 
in  Februar)'.  1916.  On  January  1st  it  rises  only  a  few  minutes 
before  sunrise  and  the  interval  increases  §0  slowly  that  it  is 
only  a  little  over  half  an  hour  by  the  end  of  February.  This 
c<nnbined  with  its  comparative  faintness.  due  to  the  fact  that 
it  is  on  the  opposite  side  of  the  Sun  from  us,  will  make  naked- 
eye  view  practically  impossible  during  this  period. 
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Jupiter  is  an  evening  star  on  January  ist,  setting  about  three 
and  a  half  hours  after  sunset,  and  is  in  a  fair  position  in  the 
southwestern  sky  for  early  evening  observation ;  but  the  inter- 
val diminishes  to  about  one  hour  and  a  half  by  February  ist, 
and  the  planet  comes  to  conjunction  with  the  Sun  on  February 
24th.  There  is  a  very  close  conjunction  with  the  Moon,  which 
becomes  an  occultation  for  some  parts  of  the  world,  on  the 
afternoon  of  January  17th,  and  another  not  quite  as  close  on 
the  afternoon  of  February  14th. 

Saturn  is  in  fine  position  for  observation  at  almost  any  time 
of  the  night,  having  been  in  opposition  with  the  Sun  on  De- 
cember 21,  1914.  By  the  end  of  February  it  sets  at  about  2:30 
A.  M.  It  is  on  the  border-line  between  the  constellation  Taurus 
and  Gcmiui,  a  few  degrees  south  and  east  of  /8  Tauri,  Between 
January  ist  and  February  25th  it  moves  about  3°  westward, 
and  then  begins  its  eastward  motion. 

Uranus  changes  from  an  evening  to  a  morning  star  on  Feb- 
ruary 1st,  when  it  passes  conjunction,  but  it  is  too  near  the 
Sun  for  naked-eye  view  thruout  the  period. 

Neptune  comes  to  opposition  with  the  Sun  on  January  19th. 
It  is  in  the  eastern  part  of  the  constellation  Caneer. 
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PUBLICATIONS  OF  THE  LICK  OBSERVATORY,  VOL- 
UME  XI:    PHOTOGRAPHS    OF   THE    MILKY 
WAY  AND  OF  COMETS;  BY  E.  E.  BAR- 
XARD:   A   REVIEW. 


By  Joel  H.  Metcalt. 


No  publication  of  the  Lick  Obser\'ator>'  since  \'olume  VI 11, 
which  contained  reproductions  of  the  photographs  taken  by 
Professor  James  Edward  Keei.er  with  the  Crossley  reflector 
has  such  general  interest  as  \'olume  XI,  which  has  just  issued 
from  the  press.  It  contains  reproductions  of  photographs  of 
the  Milky  Way  and  of  comets  made  with  the  6-inch  Willard 
lens  and  Crocker  telescope  during  the  years  i8<>2  to  1895  by 
Professor  E.  E.  Barnard  at  that  time  Astronomer  in  the  Lick 
( )bservatory. 

.\s  the  Crossley  telescope  is  36  inches  in  aperture,  one  might 
think  that  the  next  photographs  reproduced  would  be  those 
taken  with  some  larger  instrument,  say  of  60  or  100  inches 
aperture :  but,  instead,  these  photographs,  which  were  the  first 
of  the  kind  and  most  wonderful  in  their  results,  were  made 
with  an  instrument  nominally  only  six  inches  in  aperture  and 
really  smaller.  Profe^^sor  Barnard  has  been  a  daring  and  a 
most  successful  astronomical  discoverer,  but  never  did  he 
show  such  radicalism  as  when  he,  one  of  the  keenest  sighted 
and  most  experienced  of  observers,  spent  night  after  night  in 
photographing  the  sky  with  so  small  an  instrument  and  one 
that  was  not  even  made  for  the  stars.  It  was  originally  a  por- 
trait lens,  of  the  form  adapted  to  the  old  "wet-plate**  prwess 
of  photography,  and  long  ago  discanled  by  photographers  as  a 
result  of  the  invention  of  the  **dr\'-plate"  and  the  anastig- 
matic  lens.  The  volume  under  review  is  a  proof  that 
the  old  scriptural  saying  may  have  a  modern  application, 
for  in  it  the  lens  that  the  builders  rejected  is  head  of  the 
corner. 

How  the  lens  came  to  be  used  in  astronomical  work  on  Mount 
Hamilton  is  describc<l  by  Professor  Barnard  in  the  introduc- 
tion.   The  first  experiments  in  astronomical  work  with  an  old- 
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fashioned  portrait  lens  of  the  Petzval  type  were  made  by  Dr. 
David  Gill  at  the  Cape  of  Good  Hope  on  the  great  comet  of 
1882.  In  January,  1889,  a  6-inch  "Willard"  lens  was  used  by 
Wm.  Ireland  to  photograph  the  total  eclipse  of  the  Sun,  and 
its  success  then  led  to  its  purchase  by  Director  Holden  for  the 
Lick  Observatory,  the  funds  being  provided  by  the  Hon.  C.  F. 
Crocker,  Regent  of  the  University  of  California.  The  infor- 
mation given  shows  that  the  lens  was  neither  made  by  Willard 
nor  is  it  six  inches  in  aperture.  Willard  &  Co.,  who  have 
their  name  upon  it  were  stock  dealers  only.  The  lens  was 
made  by  Charles  F.  Usxer  in  New  York  City.  His  name 
should  not  be  forgotten,  for  it  is  doubtful  if  lens-makers  of 
to-day  can  turn  out  an  instrument  greatly  its  superior. 

It  is  true,  however,  that  Brashear  has  refigured  it,  which 
doubtless  adds  much  to  the  sharpness  of  its  images.  The  chief 
limitation  of  the  original  lens  must  have  been  the  fact  that  the 
optical  and  visual  foci  coincided,  as  was  necessary  for  focusing 
in  the  old  wet-plate  process.  A  modern  instrument  made  ex- 
clusively for  astronomical  photography  would  have  a  better 
color  correction  and  would  give  sharper  images;  otherwise  it 
could  not  be  greatly  improved  upon  to-day.  It  is  rather  discon- 
certing that  so  little  progress  in  the  construction  of  astro- 
nomical lenses  of  large  relative  aperture  has  been  made  in  the 
last  fifty  years.  The  only  improvement,  in  the  opinion  of  the 
writer,  is  the  lo-inch  Franklin-Adams  lens  made  by  Taylor 
of  Cooke  &  Co..  York,  England,  and  it  is  practically  impos- 
sible to  get  discs  of  the  proper  kind  of  glass  for  apertures 
larger  than  this. 

Returning  to  the  Willard  lens,  it  is  interesting  to  know  that 
the  clear  diameter  of  the  front  lens  is  only  5.85  inches  and 
that  this  is  still  farther  cut  down  by  a  diaphram  less  than  four 
inches  in  diameter,  placed  between  the  front  lens  and  the 
back  lens  of  the  combination.  But  lenses,  like  wisdom,  are 
justified  of  their  children  and  Professor  Barnard  has  shown 
what  this  lens  can  do  in  skillful  hands. 

In  the  volume  are  128  collotype  plates,  89  of  them  of  regions 
of  the  sky  mostly  along  the  Milky  Way  and  the  rest  of  comets. 
Professor  Barnard's  decision  to  use  the  collotype  process 
seems  especially  fortunate.    The  reproduction  of  star  pictures 
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to  retain  the  fainter  stars  without  loss  of  the  fainter  detail  in  the 
nebulae  is  an  art  in  itself,  as  difficult  perhaps  as  makinj^  the 
oripnal  photographs.  Mr.  A.  B.  Brunk  of  the  Chicago 
Photogravure  Company  has  succeeded  admirably  and  must 
have  put  much  patience  and  many  labors  of  love  into  this 
work.  Not  all  the  reproductions  are  equally  go(xK  but  when 
Professor  Bar.vard  says,  as  he  does  often,  **this  is  an  excellent 
reproduction,'*  there  must  have  been  very  little  in  the  original 
that  dt>es  not  show  in  the  copy. 

Professor  Barnard  has  given  some  very  important  tech- 
nical hints  in  regard  to  the  production  of  astronomical  photo- 
graphs in  his  Introduction.  One  might  wish  he  had  gone 
farther  and  told  us  about  his  enlargements  of  the  original  nega- 
tives— why  he  did  not  use  contact  reprcKluctions  and  what  was 
<lone  to  increase  contrast  in  the  tails  of  comets  and  the  dark 
places  and  lanes  in  the  Milky  Way.  In  some  of  the  pictures 
which  have  been  several  times  enlarged  the  background  shows 
a  mottled  api)earance,  doubtless  due  to  the  grain  of  the  plate, 
but  which  some  might  take  for  a  background  of  very 
faint  stars. 

Just  a  few  words  in  regard  to  the  plates  themselves.  The 
large  number  is  food  for  thought  for  those  who  live  in  the 
cloudy  atmosphere  of  the  effete  East.  What  a  wonderful 
climate  has  Mount  Hamilton  to  make  it  possible  to  get  such  a 
large  number  of  long  exposure  plates  in  three  or  four  years! 
For  one  who  has  ever  tried  to  take  a  long-exposure  plate  there 
is  a  deep  appreciation  of  the  long  and  wearisome  hours  spent 
by  Professor  B.vrnard.  sitting  with  his  eyes  "glued*'  to  the  fol- 
lowing telescope.  Without  counting  the  comet  pictures  and 
making  no  allowances  for  failures,  which  are  very  common 
with  most  observers,  a  rough  estimate  shows  that  he  spent  2Si^ 
hours  with  the  shutter  open  taking  the  Milky  Way  pictures 
alone,  and  in  the  list  many  continuous  runs  of  five  hours,  six 
hours,  and  even  seven  hours  arc  found,  and  one  of  them  ( the 
picture  that  shows  the  nebulosities  around  the  Pleiades)  is  of 
ten  hours  and  fifteen  minutes*  exposure. 

The  results  of  these  indefatigable  labors  are  a  wonderful 
addition  to  our  knowle<lge  of  the  Milky  Way  and  of  comets. 
The  human  eye  directly,  no  matter  how  great  the  power  of 
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the  telescope,  could  never  have  seen  the  structure  of  the 
Galaxy  or  of  comets'  tails.  The  cumulative  effect  of  light  on 
a  photographic  plate  and  the  fact  that  it  does  not  require  a 
magnification  of  four  or  five  to  each  inch  of  aperture,  as  does 
the  human  eye,  makes  these  wonderful  pictures  possible. 

There  is  one  thing  about  these  pictures,  however,  that  it  is 
well  enuf  to  bear  in  mind.  The  relation  between  the  brightness 
of  the  stars  and  the  brilliance  of  the  nebulosities  is  a  purely 
artificial  one.  It  would  be  possible  to  photograph  every  one  of 
the  stars  upon  these  plates  without  showing  a  particle  of 
nebulosity.  It  would  also  be  possible  to  photograph  the 
nebulosities  and  show  scarcely  any  stars.  A  short-focus  lens 
of  great  relative  aperture  **sees**  the  nebulosity  rather  than 
the  stars  and  a  long-focus  lens  of  small  aperture  and  great 
defining  power  would  take  the  stars  and  not  the  nebulosity. 

I  must  not  say  anything  about  the  pictures  in  detail.  They 
speak  for  themselves,  and  added  to  that,  Professor  Barnard 
has  for  many  of  them  pointed  out  features  and  made  judgments 
which  to  the  reviewer  seem  on  the  whole  most  just  and  con- 
servative. Undoubtedly,  however,  there  will  be  considerable 
difference  of  opinion  as  to  how  certain  features  should  be  ex- 
plained. Some  of  the  forms  shown  in  the  Milky  Way  must  be 
due  to  chance,  just  as  the  "crouching  beast*'  (Plate  45)  is.  and 
it  would  be  folly  to  try  to  explain  forms  that  have  only  accident 
for  their  cause.  That  remarkable  line  of  stars  on  Plate  39 
may  be  an  example.  If  a  person  should  splash  ink  in  small 
spots  on  a  wall,  he  would  doubtless  discover  some  interesting 
forms,  but  they  would  be  as  imaginary  as  the  Castles  or  the 
Camels  of  the  Clouds.  There  are  other  pictures,  however,  in 
which  the  streaming  of  stars  in  lines  and  net-work  seems 
most  real. 

The  interpretation  of  the  vacancies  and  the  lanes  is  interesting. 
Professor  Barnard  thinks  that  in  certain  cases  the  absence  of 
stars  is  due  to  an  absorbing  medium  simply  covering  up  the 
stars,  and  that  the  large  telescopes  to  which  he  has  had  access 
show  some  of  these  to  be  slightly  luminous.  One  could  wish 
that  he  had  correlated  these  observations  with  some  of  his  more 
recent  photographs  of  dark  lanes,  where,  if  the  writer's  memory 
serves,  he  took  the  point  of  view  that  the  lanes  were  darker 
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than  the  general  l)ackji^round  of  the  sky  on  his  plates.  It  is 
jxissihle  that  this  difference  might  be  reconciled. — perhaps  by 
the  difference  in  the.  instalments.  Could  an  object  l>e  darker 
than  the  surnninding  sky  to  a  l^etzval  doublet  and  brighter  to 
the  human  eye  in  a  40-inch  refractor? 

rrofessor  Barnard's  comet  pictures  are  most  interesting, 
lirooks*  Comet  of  i8<>3  must  have  been  much  like  and  perhaps 
more  remarkable  than  the  famous  Morehouse  Comet.  It  is  a 
pity  that  other  astronomers  did  not  get  a  series  of  photographs 
of  it,  f«)r  it  evidently  would  have  given  opportunity,  even  better 
than  Morehouse's  Comet,  for  measurements  of  regression  of 
luminous  matter  in  the  tail. 

IVofe>sor  Ijarnard's  ingenious  and  successful  combinations 
t»l  ]>hotographs  taken  on  different  nights  to  show  the  freak 
motions  and  changes  in  the  tail  are  also  most  interesting. 
That  these  changes  cannot  all  be  explained  by  eruptive  dis- 
turbances and  by  varying  si>eeds  of  repulsion  of  luminous  par- 
ticle>  from  the  head,  without  the  necessity  of  assuming  some 
kind  of  streaming  in  space,  docs  not  seem  to  me  proved. 

The  volume  as  a  whole  is  a  notable  contribution  to  astronomy. 
It   is  a  great  credit  to  the  Lick  Observator\%  to  the  |)eople 
whose  generous  contributions  made  its  publication  possible,  to 
tile  \\  illard  lens,  and.  most  of  all.  to  Professor  Barnard. 
W'lst  HFSTKR,  Mass.,  Xovcmhcr  4.  1914, 


NOTE  OX   A  570. 


By  Eric  Doolittle. 


The  recent  announcement  by  Dr.  Aitkkn,  in  A,  S,  P..  XXVI, 
|>age  205.  in  regard  to  the  interesting  and  rapid  binary  A  570, 
was  of  sjwcial  interest  to  me  because  for  some  years  I  have 
l)cen  keeping  watch  of  this  important  pair.  I  find  that  I  have 
secured  measures  of  it  on  twelve  nights  altogether,  and  while 
in  view  of  Dr.  Aitken's  most  accurate  measures  these  must 
lose  much  of  their  value,  yet  as  two  of  the  series  of  measures 
were  secured  during  years  when  the  pair  was  not  measure<l 
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at  the  Lick  Observatory,  they  may  be  of  a  certain  supple- 
mentary interest.    Aly  measures  in  full  are  as  follows : — 
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(a)  A  perfectly  distinct  elongation,  (b)  A  very  difficult  star;  much 
closer  than  i^iiii.  (c)  Perfectly  and  widely  separated,  (d)  Almost 
distinct,  and,  in  fact,  distinct  at  long  intervals,  (e)  Much  elongated; 
magnitudes  equal.  (/)  Clearly  elongated,  but  never  separated  com- 
pletely.   I  think  it  certain  that  the  star  is  much  closer  than  last  year. 

During  the  last  year  Dr.  Aitken  obtains  for  the  distance 
of  the  pair,  o''.i6. 

University  of  Pennsylvania,  November,  1914. 


(EIGHTY-SECOND)    AWARD  OF  THE   DONOHOE 
COMET-MEDAL. 


The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  Professor  H.  H.  Kritzinger,  of  Both- 
kamp,  Germany,  for  the  discovery  of  an 'unexpected  comet  on 
March  28,  19 14. 

Committee  on  the  Comet-Medal : 

W.  W.  Campbell, 
R.  H.  Tucker, 
H.  D.  Curtis. 


Astronomical  Society  of  the  Pacific.         247 

(EIGHTY-THIRD)  AWARD  OF  THE  DOXOHOE 
COMET-MEDAL. 


The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  l)een  awarded  to  Monsieur  V.  Zlatinsky,  of  Mitau.  Rus- 
sia, for  the  discovery  of  an  unexpected  comet  on  May  15,  19 14. 
Committee  on  the  Comet-Medal : 

W.  W.  Campbell, 
R.  H.  Tucker, 
H.  D.  Curtis. 


(EIGHTY-FOURTH)    AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 


The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  Monsieur  G.  Xeujmin,  of  Simcis,  Russia, 
for  the  discover)'  of  an  unexpected  comet  on  June  24,  1914. 
Committee  on  the  Comet-Medal : 

W.  W.  Campbell, 
R.  H.  Tucker, 
H.  D.  Curtis. 


NOTES  FROM   PACIFIC  COAST  OBSERVATORIES. 


Report  of  the  Director  of  the  Lick  Observatory. 
To  the  President  of  the  University. 

Sir:  I  have  the  honor  to  submit  herewith  my  report  for 
the  period  July  i,  1913,  to  May  31,  1914. 

It  is  a  pleasure  to  be  able  to  say  that  a  good  start  has  been 
made  in  removing  the  arrears  of  publication.  Volume  \^II, 
Publications  of  the  Lick  Obsen*atory,  containing  papers  by 
members  of  the  Berkeley  Astronomical  Department,  whose 
printing  began  in  the  year  1902,  has  now  been  completed.  It 
was  distributed  to  our  correspondents  in  May,  191 4. 

Volume  XI,  Publications  of  the  Lick  Observatory,  contain- 
ing reproductions  and  brief  descriptions  of  Professor  Bar- 
nard's Milky  Way  and  comet  photographs,  is  now  in  the 
binding  stage  in  the  State  Printing  Office,  and  we  hope  to 
distribute  it  to  our  correspondents  in  July  or  August,  1914. 
The  cost  of  the  plates,  printing  and  paper  for  the  129  full-page 
illustrations  was  borne  by  subscriptions  received  from  friends 
of  the  observatory,  by  Profesor  Barnard's  personal  contribu- 
tions, and,  to  a  minor  degree,  by  funds  taken  from  the  Lick 
Observatory  maintenance  budget.  The  printing  of  the  text 
and  the  binding  of  the  volumes  have  proceeded  on  the  basis 
of  a  Regents'  appropriation. 

In  April,  1914,  the  Regents  made  a  liberal  appropriation  in 
support  of  Lick  Observatory  printing,  to  become  available  on 
July  I,  19 14.  It  is  hoped  that  the  printing  of  Volume  XII, 
Publications  of  the  Lick  Obsen^tory,  to  contain  Mr.  Aitken's 
observations  and  studies  of  the  more  interesting  visual  double 
stars  which  he  made  during  the  years  1896-1913,  may  begin  in 
July  and  proceed  without  interruption.     The  contents  of  this 
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Extensive  preparations  have  been  made  to  observe  the  total 
solar  eclipse  of  August  21,  1914,  in  continuation  of  observa- 
tions secured  at  the  favorable  eclipses  occurring  since  the 
opening  of  the  Lick  Observatory  in  1888.  Regent  William  H. 
Crocker  has  generously  given  the  sum  of  $5,800  to  defray 
the  expense.  Director  Campbell  and  Astronomer  Curtis  will 
leave  Mount  Hamilton  about  June  loth,  to  establish  the  ob- 
serving station  in  the  vicinity  of  the  city  of  Kiev,  Russia. 
Twelve  or  more  volunteer  assistants,  partly  from  this  country 
and. partly  from  Europe,  will  join  the  expedition  to  assist  in 
the  making  of  the  photographs  at  the  time  of  totality. 

It  has  seemed  to  many  astronomers  that  the  time  has  come 
to  determine  the  accurate  positions  of  the  fainter  stars,  say 
those  fainter  than  the  eighth  visual  magnitude,  by  means  of 
photographs  instead  of  by  the  prevailing  meridian-circle  visual 
method;  reserving  the  visual  method  for  extremely  accurate 
observations  of  the  brighter  stars.  The  Allegheny  Observatory 
is  undertaking  to  apply  the  photographic  method  to  a  narrow 
zone  of  faint  stars  extending  around  the  sky ;  and  Professor 
Tucker  of  our  staff  is  securing  the  meridian-circle  observa- 
tions of  six  hundred  of  the  brighter  stars  distributed  uniformly 
thruout  this  zone,  to  form  the  skeleton,  so  to  speak,  upon 
which  the  positions  of  the  fainter  stars  will  depend.  The  four 
thousand  individual  observations  required  in  our  share  of  the 
program,  and  the  computations  related  thereto,  will  consume 
the  resources  of  our  meridian-circle  department  during  the 
current  year.  Twelve  hundred  and  sixty  of  the  observations 
have  been  secured  by  Mr.  Tucker  since  January  28th  of  this 
year. 

In  the  prosecution  of  our  double-star  survey  in  the  current 
academic  year,  Professor  Aitken  has  discovered  245  double 
stars,  and  has  made  accurate  measures  of  470  doubles.  His 
discoveries  to  date  number  2,845  pairs.  Professor  Hussey 
co-operated  in  the  survey  during  the  years  1899- 1905,  and  dis- 
covered 1,328  pairs;  making  a  total  of  4,173  for  the  two 
observers.  In  essentially  all  of  these  pairs  the  two  component 
stars  are  less  than  five  seconds  of  arc  ai>art.  In  the  three-fifths 
of  the  sky  thus  far  covered  by  the  survey  there  are  fewer  than 
seven  thousand  such  pairs  as  bright  as  the  ninth  magnitude. 
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Mr.  Wright  has  continued  his  observations  of  the  spectrum 
of  the  new  star  in  Gemini,  making  them  doubtless  by  far  the 
most  extensive  observations  of  the  new  star  that  have  been 
secured.  An  important  paper  on  the  subject  is  essentially 
ready  for  publication.  The  observations  of  new  stars  in  the 
past  generation  have  inclined  astronomers  to  the  view  that 
they  represent  the  results  of  some  celestial  catastrophe,  such 
as  the  collision  or  close  approach  of  two  stars,  or  the  passage 
of  a  star  thru  some  form  of  resisting  medium.  However, 
these  very  detailed  and  accurate  observations  of  the  spectrum 
of  Nova  Gcminorum  seem  to  add  complexity  to  the  general 
problem  of  novae. 

Professor  Curtis  has  continued  the  photographic  sur\'ey  of 
the  more  prominent  nebulae,  with  the  Crossley  reflector.  The 
descriptions  of  109  such  nebulae  were  published  by  him  recently. 
Mr.  Curtis  has  also  been  rephotographing  many  of  the 
brightest  spiral  nebulae  which  were  photographed  by  Professor 
Keeler  in  the  years  1898-1900.  His  purpose  has  been  the  im- 
portant one  of  determining  whether  these  objects  have  moved 
appreciably  across  the  sky  in  the  past  fifteen  years,  or  whether 
they  have  rotated  thru  appreciable  angles  in  this  interval. 
These  questions  concern  vitally  the  greater  one  of  whether  the 
spiral  nebulae  are  to  be  regarded  as  a  part  of  our  own  stellar 
universe  or  whether,  as  some  astronomers  have  believed, 
they  are  separate  universes  of  stars  so  remote  from  our 
universe  that  we  see  them  merely  as  unresolved  small  areas 
of  light. 

The  work  of  the  D.  O.  Mills  Expedition  in  the  southern 
hemisphere  has  been  vigorously  prosecuted  by  Dr.  Wilsox 
and  his  assistants.  The  program  has  embraced  the  securing 
of  many  two-prism  spectrograms  of  the  stars  between  5  and  5M 
visual  magnitudes ;  of  one-prism  spectrograms  of  the  brighter 
stars  whose  spectra  lines  are  too  hazy  for  accurate  measure- 
ment on  the  basis  of  two-prism  dispersion ;  and  of  one-prism 
spectrograms  for  determining  the  radial  velocities  of  the  plane- 
tary nebulae.  Essentially  all  of  the  plates  have  been  measured 
in  duplicate.  About  twenty-five  spectroscopic  double  stars 
have  been  discovered  since  the  date  of  my  last  report:  the 
greater  number  during  the  closing  months  of  Dr.  Moore's 
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admini>tration,  which  continued  to  August  9,  1913,  and  the 
remainder  during  Dr.  Wilson's  administration. 

^!e^s^s.  Moore  and  San  ford  have  published  an  extremely 
interesting  investigation  of  the  spectrum  of  Eta  Caritup,  a 
southern  star  whose  violent  fluctuations  in  brightness  have 
made  it  an  object  of  close  attention  for  more  than  two  centu- 
ries. The  value  of  this  study  lies  principally  in  its  close  con- 
nection with  the  general  problem  of  new  stars,  inasmuch  as 
Hta  Carina:  has  many  of  the  characteristics  of  novae,  and  is 
thought  to  have  appeared  originally  as  a  nova. 

Mr.  M(K)RE  has  published  a  thorough  investigation  of  the 
variable  and  spectroscopic  binary  star  Delta  Cephei, 

The  principal  spectrographic  observations  at  Mount  Hamil- 
ton in  the  period  covered  by  this  report  have  had  for  their 
purix)se  the  determination  of  the  radial  velocities  of  the  plane- 
tary and  certan  other  nebulae,  in  continuation  of  Professor 
Kkeler's  visual  observations  of  fourteen  nebulae  with  the 
3^>-inch  refractor  in  the  years  1890-91.  Keeler's  observations 
showed  that  the  Great  Nebula  in  Orion  is  substantially  at  rest 
in  si>ace.  as  far  as  motion  to  or  from  the  position  occupied 
by  our  solar  system  is  concerned,  and  that  the  planetary  nebulae 
are  travelling  rapidly.  Studies  of  stellar  velocities,  as  observed 
with  the  Mills  si)ectrographs  at  Mount  Hamilton  and  in  Chile, 
had  led  to  the  important  discovery  in  19 10  that  the  average 
stellar  velocities  increase  with  advancing  spectral  types.  It 
was  natural  that  the  results  for  the  stars  should  be  compared 
with  those  available  for  the  nebulae;  and  it  was  found  that 
the  average  velocities  of  the  planetary  nebulae  are  very  much 
higher  than  those  of  the  stars  supposedly  young,  and  appre- 
ciably higher  than  those  of  the  stars  presumed  to  be  oldest.  As 
a  result  of  these  facts,  serious  doubt  fell  upon  the  generally 
accepted  theory,  dating  back  to  the  days  of  Sir  \Vilu.\m 
Herschel,  that  the  stars  in  general  are  formed  from  planetary 
nelnilae  by  processes  of  evolution.  It  became  important  to 
observe  the  radial  velocities  of  as  great  a  number  of  the 
nebuke  as  possible.  More  than  one  hundred  nebular  spectro- 
grams have  been  secured  for  this  purpose  with  the  36-inch 
refractor  and  a  one-prism  spectrograph  in  the  past  year,  and 
occasional   observations  of  the   planetary   nebulae  have  been 
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made  in  Chile  during  the  past  three  years.  We  now  have  quite 
accurate  determinations  of  the  radial  velocities  of  forty  nebulae 
altogether.  They  confirm  the  earlier  results  that  planetary 
nebulae  are  travelling  with  speeds  far  beyond  those  of  the  stars 
in  general.  The  average  radial  velocity  of  the  forty  observed 
planetary  nebulae  is  in  excess  of  40  kilometers  per  second, 
whereas  the  average  velocities  of  the  stars  vary  from  6  kilo- 
meters per  second  for  those  supposedly  youngest  up  to  17 
kilometers  per  second  for  those  supposedly  oldest.  The  effect 
upon  our  ideas  of  the  connection  existing  between  planetary 
nebulae  and  the  stars  is  revolutionary;  apparently  the  stars 
in  general  have  not  been  evolved  from  planetary  nebulae. 

It  is  of  interest  to  note  that  one  planetary  nebula  observed 
at  Mount  Hamilton  has  a  velocity  of  recession  amounting  to 
approximately  150  kilometers  per  second,  and  that  another 
planetary  nebula  observed  at  Santiago  has  a  velocity  of  ap- 
proach equal  to  136  kilometers  per  second.  Several  nebulae 
have  velocities  to  or  from  us  in  excess  of  60  kilometers  per 
second. 

In  many  other  respects  also  the  observations  of  nebulae  have 
assumed  high  importance,  and  it  is  intended  to  devote  many  of 
our  resources  to  the  subject  during  the  coming  year. 

A  considerable  number  of  stellar  spectrograms  has  been 
obtained  with  one-prism  and  three-prism  dispersion  at  Mount 
Hamilton,  in  the  past  year,  to  supplement  various  phases  of 
our  stellar  radial  velocity  program,  and  many  minor  studies 
of  the  spectrograms  have  been  conducted  by  Dr.  Moore,  Dr. 
Paddock,  and  Miss  Hobe. 

Seven  comets  have  been  observed  for  accurate  position.  In 
nearly  all  cases  these  observations  have  been  used  by  the 
Berkeley  Astronomical  Department  in  computing  the  orbits 
of  the  comets  concerned. 

The  Martin  Kellogg  Fellowship  has  been  filled  during  the 
present  year  by  Dr.  Eli  Stuart  Havnes.  His  principal  in- 
vestigation concerns  the  well-known  variable  star  SZ  Tauri. 
A  noted  student  of  variable  stars  proposed  the  hypothesis  that 
this  star  is  of  ellipsoidal  form,  and  in  rotation  about  one  of  its 
shorter  axes,  with  the  effect  that  maximum  light  occurs  when 
the  stars  presents  itself  broadside  to  us,  and  minimum  bright- 
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ncss  when  the  longer  axis  points  toward  us.  If  this  be  the  true 
cause  of  the  observed  variations  and  the  star  be  single,  the 
radial  velocity  of  the  star  would  be  constant.  Mr.  Haynes 
obtained  twenty-nine  spectrograms  of  the  star,  and  his  meas- 
ures of  them  establish  that  the  radial  velocity  is  variable.  The 
maximum  brightness  occurs  when  the  star  has  the  maximum 
veltKity  of  approach,  and  the  minimum  brightness  when  the 
star  has  its  maximum  velocity  of  recession.  These  character- 
istics assign  the  object  to  the  well-known  Cepheid  type  of 
variation. 

Mr.  Havnes  has  observed  asteroid  Xo.  694  on  five  nights 
and  Jupiter's  sixth  satellite  on  five  nights. 

Mr.  Haynes  has  been  appointed  Associate  Professor  of 
Astronomy  in  Beloit  College. 

Mr.  AiTKEN  conducted  the  astronomical  classes  in  the  Sum- 
mer Session  of  19 13  in  the  University. 

Mr.  Campbell  represented  the  University  at  the  meeting 
of  the  International  Union  for  Co-operation  in  Solar  Research 
at  Bonn  in  July  and  August,  1013,  and  at  the  meeting  of  the 
Astn)nomische  (jcsellschaft  at  Hamburg  in  August,  1913. 

The  Director  acknowledges  the  continued  cordial  support 
of  the  staflF,  both  at  Mount  Hamilton  and  at  Santiago,  Chile. 
Respectfully  submitted, 

\V.   \V.   Campbeix, 
Director  of  the  Lick  Obsenatory, 

MoiNT  Hamilton,  June  i,  1914. 
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Spectrum  of  the  Cluster-Type  Variable  RS  Bootis. 

Thirteen  good  spectrum  plates  of  the  cluster-type  variable 
KS  Bootis  were  obtained  with  the  small  focal  plane  spectro- 
graph attached  to  the  60-inch  reflector  on  July  20-23,  ^"^  on 
August  17,  1914.  The  plates  were  taken  at  maximum  and 
minimum  and  at  several  points  between  to  determine  whether 
the  spectrum  varies. 

The  plates  are  as  follows: 


No. 

Date 

Exposure,  P.S.T. 

Actual  Exposure 
Time  in  Minutes 

Type 

26 

1914.  July 

20 

8h58m  - 

-   9^34" 

35 

Bo 

27 

9 

42 

10 

13 

30 

Ao 

28 

10 

22 

10 

58 

35 

A5 

35 

21 

8 

04 

9 

06 

60 

A6 

3^> 

9 

16 

10 

47 

90 

Fo 

37 

10 

54 

II 

40 

45 

As 

40 

22 

8 

04 

8 

S2 

45 

A7 

4» 

8 

58 

II 

12 

105 

A8 

43 

23 

8 

59 

9 

45 

40 

A4 

44 

9 

49 

10 

-25 

35 

B8 

45 

10 

33 

II 

12 

40 

A6 

57 

Aug. 

17 

7 

37 

8 

17 

40 

Ao 

5>^ 

8 

24 

9 

19 

45 

As 

The  position  of  the  plates  is  plotted  along  the  light  curve 
recently  obtained  by  Se.\res  and  Shaplev.  Owing  to  dif- 
ference in  quality  of  the  plates  and  to  the  small  scale,  the 
actual  variation  of  type  from  the  revised  values  given  may  be 
from  one  to  two  tenths  of  a  Harvard  unit.  At  maximum  the 
hydrogen  lines  llB,  Hy.  H8  and  He  are  strong  and  broad,  the 
calcium  line  K  being  almost  invisible;  at  minimum  the  inten- 
sities are  reversed,  the  hydrogen  lines  being  fine  and  narrow 
with  H  and  K  strong.  Between  these  there  is  a  gradual 
transition  from  one  type  to  the  other. 

Mr.  Ai).\MS  has  measured  the  plates  to  determine,  if  |x)s- 
si!)le.  whether  the  star  is  a  sjx^ctroscopic  binary.  The  scale  is 
so  small,  however.  (  Hy  to  K  — 2')""^).  that  the  results  are 
inconclusive  lK\von<l  an  indication  that  any  variation  in  vel<xrity 
nn:st  be  moderate  in  amount.  F.  G.  Pease. 

MnlNT    WllSON    S^>^^R    OliSJRVAT'iKY. 
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The  Spectra  of  Ten  Stars  of  Very  Low  Luminosity. 

The  spectral  classification  of  the  following  ten  stars  is  of 
interest  because  they  are  among  the  very  faintest  stars  intrin- 
sically that  are  known: — 

(Sun       iSuH 
Mag     R.A.  1 910       Dec.  fi  tr  =  i)      =  5.5)     Spec. 

})       11)  Of  n  tf  Lum.     Abs.Mag 

Comp.  to  0  £r/(/a;// .  9.1  4  11.2  — 748  4.08  +0.174  0.012  10.3  Ao 

Lai.  21 185   7.6  1058.4  +3635  4.77  0.403  0.009  ?o.6  Ma 

Lai.  21258   8.9  II     I.I  -|-43  59  4.46  0.203  ooii  IO-4  Ma 

A  Oe  17415-6 9.3  17  37.0  +68  26  1.31  0.268  0.004  1 1-4  Mb 

Comp.  to  fJ^HercuHs  ii.o  1742.9  +2746  0.31  0.106  0.006  ii.i  Ma 

Pos.  Med.  2164  ...  9.3  18  41.9  +5930  2.28  0.292  0.003  II-6  Ma 

Comp.  to  lyLyrce..  12.0  19    4.0  +3221  1.66  0.15  o.ooi  12.9  Ma 

Lai.  40844  9.0  21    0.9  +643  0.57  0.167  0.014  10. 1  K6 

Kruger  60  9.2  22  24.8  +57  15  0.92  0.256  0.005  ii-2  Mb 

Lai.  46650  8.9  2344.5  +1  55  1.40  0.183  0.013  10.2  Ma 

No  less  than  eight  of  the  ten  stars  are  of  type  M,  while  one 
of  the  remaining  two  is  of  the  advanced  type  K6.  The  A  star, 
companion  to  o  Efidani,  has  been  referred  to  in  a  previous  note 
in  this  publication.  The  great  preponderance  of  the  M  type 
of  spectrum  is  of  especial  importance  in  its  bearing  on  the 
colors  of  faint  stars. 

It  is  of  interest  to  note  that  in  all  of  these  stars,  except  the 
Ao  star,  the  calcium  lines  at  k  4435  ^"^  ^  4455  3J*e  very  prom- 
inent. We  have  found  previously  that  these  lines  appear  to 
serve  as  an  excellent  criterion  of  absolute  magnitude. 

W.  S.  Adams  and  F.  G.  Pease. 

Color  Indices  in  the  System  of  TW  Andromeda. 

For  the  purpose  of  determining  simultaneously  the  photo- 
graphic and  photovisual  light  curves  of  the  eclipsing  binar>' 
TW  Andromedcc,  and  in  particular  to  ascertain  the  relative 
color  of  the  faint  companion,  a  series  of  observations  has  been 
undertaken  with  the  60-inch  reflector.  Sixty-five  plates,  rep- 
resenting a  total  of  nearly  300  exposures,  have  been  secured 
up  to  the  present,  and  since  considerable  time  must  elapse 
before  the  observations  can  be  completed  and  the  plates  meas- 
ured and  discussed,  provisional  results  will  be  reported  in  the 
present  note. 
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It  was  known  from  photometric  observations  made  at  Brus- 
sels and  elsewhere  that  at  deepest  phase  of  the  principal  mini- 
mum of  T\V  Andromcdce  the  light  remained  constant  for  two 
hours  or  more.  From  the  total  duration  of  the  minimum  and  the 
ran^e  of  variation  it  is  easy  to  show  that  the  principal  eclipse 
must  be  total ;  that  is,  the  bright  star  is  then  completely  obscured 
by  a  relatively  large  and  faint  companion.  Obviously,  then, 
the  photographic  and  photovisual  magnitudes  at  that  time  give 
the  color  of  the  faint  companion,  and,  neglecting  possible 
effects  of  absorption  in  space,  give  also  an  indication  of  its 
si)ectrum. 

(ll>servations  have  been  made  at  three  epochs  of  principal 
minimum,  and  at  two  the  constant  minimum  phase  was  ob- 
scr\'cd.  Hixposures  were  made  alternately  on  Seed  27  plates 
and  on  Cramer  isochromatic  plates  used  in  connection  with  a 
yellow  filter.  The  magnitudes  of  the  companion  stars  were 
determined  by  means  of  diaphram  plates  and  the  zero  points 
fixed  by  exposing  alternately  on  stars  of  the  North  Polar  Se- 
<|ucnce  and  on  the  field  of  the  variable.  Judging  from  the 
color  indices,  the  comparison  stars  are  of  spectral  types  A  and 
F.  The  results  given  below  must  be  considered  provisional, 
but  it  is  not  likely  that  these  values  will  be  changed  greatly 
with  the  completion  of  the  study  of  the  light  curve. 

The  magnitudes  for  the  variable  are  as  follows: 

Photographic     Photoviftual 

Mafniitudc  at  maximum    Q.74  9.0Q 

.Ma{?nitiidc  at  minimi;m   11.78  10. 7-1 

Range 2.04  1.63 

Li^ht  of  brighter  cc  mponem 85%  78% 

Magnitude  of  brighter  component 9.92  9.3(1 

The  color  index  of  the  faint  component  is  the  difference 
!)ctween  the  photographic  and  photovisual  magnitudes  at  min- 
inuim.  The  magnitude  at  maximum,  however,  represents  the 
combined  light  of  both  components.  To  get  the  light  of  the 
brighter  component  alone,  we  subtract  15  per  cent  of  the  total 
from  the  photographic  light  at  maximum  and  22  per  cent  from 
the  photovisual,  with  the  results  given  above. 

The  color  index  of  the  bright  star  is  +  0.56.  corresponding 
to  a  spectrum  of  ty|)e  F3,  and  that  of  its  large  faint  companion. 
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+  1.06,  corresponding  to  G4.  It  will  be  possible  to  check 
the  relation  between  color  index  and  spectral  type  in  this  in- 
stance by  a  direct  classification  of  both  spectra. 

A  preliminary  solution  for  some  of  the  orbital  elements  of 
the  system  permits  a  rough  determination  of  the  density  of 
the  two  stars.  It  is  found  that  for  the  faint  component  the 
density  in  terms  of  the  Sun  will  not  exceed  a  few  hundredths 
and  may  be  much  less ;  for  the  brighter  component  the  density 
will  probably  not  be  less  than  four  tenths  that  of  the  Sun,  a 
value  in  good  agreement  with  the  known  density  of  several 
F-type  eclipsing  stars. 

The  change  in  color  at  a  total  eclipse  has  been  determined 
definitely  heretofore  in  the  case  of  only  one  star,  namely  for 
RR  Draconis,  by  Seares,  using  the  60-inch  reflector.  In  that 
case  a  similar  result  was  obtained ;  the  photographic  range  was 
found  to  be  3°*.82,  while  the  photovisual  range  was  0^.57  less. 
In  the  system  of  RR  Draconis,  as  in  TW  Andromedce,  the 
fainter,  redder  companion  is  probably  much  less  dense  than 
its  bluer  primary.  It  has  in  both  systems  many  times  the 
volume  of  the  brighter  component  and  probably  has  smaller 
mass.  We  may  expect,  then,  that  the  atmospheric  conditions 
are  not  the  same  and  that,  as  a  consequence,  the  difference  in 
color  indices  between  the  two  components  may  possibly  be 
due  in  part  to  peculiar  atmospheric  absorption  rather  than  to 
conspicuous  difference  in  spectral  type. 

Harlow  Shapley. 

Mount  Wilson  Solar  Observatory, 
November  7,  1914. 

Three  Stars  with  Bright  Hydrogen  Lines. 

The  following  stars  have  one  or  more  bright  hydrogen  lines 
in  their  spectra : — 

Boss  1215  6.0        B6  5^    2™.$        +21*  35'        H/SandH-y 

BD  —  8**  4352  8.8  Ma  16  50  .7  —8  10  H/3,H7,etc 
BD  +13'  4692        6.6       B6        21     19   .5        +13    40         H/3 

The  most  interesting  of  these  stars  is  the  second.  It  has  a 
proper  motion  of  i".29  annually,  and  a  measured  parallax  of 
o".2io.     Its  absolute   magnitude,   therefore,    (i'un^  5.5)    is 
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104.  This  star  furnishes  a  proof  of  the  possibility  of  the 
existence  of  bright  lines  in  the  spectra  of  stars  of  very  low 
intrinsic  brightness.  W.  S.  Adams. 

Ten  Spectroscopic  Binaries. 

The  following  stars  have  been   found  to  be  spectroscopic 
binaries : — 

Range  in  Velocity 
Mag.        Spec.  R.A.  iQto  Dec.  km 

Boss        9  6.3  G5  o>»    3"8  —  2^  55'  —15    to    -f  16 

Boss  1 177  5.6  Ao  4  5^  .6  +24    55  -f  l  -|-49 

Boss  2381  5.5  A2  8  47  .2  —  6    50  -fio  -I-56 

Boss  2484  5-8  Aj  9  II  .5  -1-47     12  —14  -1-76 

LaL  18397  7-7  G7P  9  16  .8  +40    38  —16  —54 

Boss  3323  5.0  A5P  12  41  "2  -1-89  —43  +36 

Boss  ^428  7.1  B9P  13  8  .6  — 18    21  —100  -f  17 

Boss  3540  6.3  Aop  13  39  .2  —  5      3  —^3  +4^ 

Boss  4660  5.7  F7  18  21  .6  -]-  7    59  —46  —  4 

Boss  5070  5.7  B3  19  47  .5  +40    22  —54  +86 


The  spectrum  of  Lai.  18397  is  composite. 


W.  S.  Adams. 


Photographic  ALsrM  of  the  Ecliptic  Zone. 

Under  the  auspices  of  the  Astronomical  Society  of  Spain 
and  America,  J.  Comas  SolA,  EHrector  of  the  Fabra  Observa- 
tor)'.  Barcelona,  Spain,  has  undertaken  to  photograph  the  entire 
ecliptic  region  with  a  Petzval  objective,  16*^"*  in  diameter  and 
80^"  focal  length.  Forty  photographic  plates,  18  X  20*^".  cov- 
ering an  effective  field  of  10°  X  12°,  will  take  all  the  stars  of 
the  ecliptic  zone  down  to  the  thirteenth  magnitude.  The  reseau 
put  on  each  plate  will  make  the  determination  of  coordinates 
easy  and  accurate.  The  stars  are  allowed  to  trail  for  a  short 
time  to  show  the  east-west  direction.  Two  exposures  are  given 
to  each  plate  to  make  the  difference  between  defects  and  photo- 
graphic images  clear.  The  separation  of  the  two  images  is 
30"  =  »/^  of  a  millimeter  on  the  photographic  plate.  Small 
planets  may  be  dscovercd  or  rediscovered  in  this  way,  since 
neither  the  separation  of  the  images  nor  the  direction  of  the 
trails  will  be  the  same  as  for  the  stars.    The  negatives  will  be 
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reproduced  on  heavy  glossy  paper  and  the  album  will  be  made 
up  of  forty  plates.  In  the  album  those  objects  only  will  be 
marked  that  show  special  features,  on  account  of  the  mag- 
nitude, spectral  type,  parallax,  binary  system,  proper  motion, 
radial  velocity  or  variability  of  the  star,  or  because  they  are 
asteroids  or  nebulae.  J.  Comas  Sola  expects  to  finish  his 
work  by  the  middle  of  191 5.  The  album  of  plates  can  be 
secured  from  the  secretary  of  the  society,  Mr.  F.  Armenter, 
Plaza  Real  13,  Barcelona,  Spain,  at  the  price  of  ten  dollars. 

M.  Selga,  S.  J. 


Minutes  of  the  Special  Meeting  of  the  Board  of  Direc- 
tors OF  THE  Astronomical  Society  of  the  Pacific, 
HELD    in    the    Rooms    of    the    Society,    752 
Phelan   Building,  San  Francisco,  on 
November  2S,  1914,  at  2:00  p.  m. 

There  were  present  President  R.  T.  Crawford  and  Directors  Aitken, 
Gushing,  Costa  and  Richardson.  Director  Richardson  held  the 
proxies  of  Directors  Burckh alter,  Tovvnley  and  Markwart. 

Action  was  taken  upon  the  award  of  the  Bruce  Gold  Medal  for  the 
year  191 5,  report  of  which  will  be  made  later. 

On  motion  of  Director  Aitken,  the  following  were  elected  members 
of  the  Society : — 

Prof.  M.  Selga,  S.  J.,  of  the  Observatory  of  Manila,  P.  L 
Dr.  E.  S.  Haynes,  of  Smith  Obserx^atory,  Beloit,  Wis. 

Director  Cushing  made  a  verbal  report  upon  the  situation  resulting 
from  the  failure  of  the  People's  Water  Company  to  pay  the  accrued 
interest  upon  the  underlying  bonds  of  the  Contra  Costa  Water  Com- 
pany, of  which  the  Society  holds  three.  It  was  the  sense  of  the  Board 
that  no  action  looking  to  a  compromise  of  the  rights  of  the  Society  in 
the  premises  should  be  taken  at  this  time. 

The  following  committees  were  appointed  by  the  President  to  report 
at  the  annual  meeting  in  January,  191 5: — 

Auditing  Committee — C.  S.  Cushing  (Chairman),  F.  V.  Cornish. 
A.  B.  Baird. 

Nominating  Committee — B.  L.  Hodghead  (Chairman),  Dr.  S.  Einars- 
soN,  J.  D.  Galloway. 

President  Crawford  invited  the  attention  of  the  Board  to  the  fact 
that  the  important  work  of  the  International  Latitude  Observatories 
was  threatened,  and  liable  to  be  discontinued,  as  a  result  of  the  war 
conditions  in  Europe.  Upon  his  suggestion  the  following  resolution 
was  prepared  and  unanimously  passed  by  the  Board : — 

Whereas,  It  has  come  to  the  attention  of  this  Board  that  the  work  of  the  Inter- 
national Latitude  Observatories  is  threatened  by  the  present  war  in  Europe,  and 
that  some  of  the  stations  may  be  closed;  be  it 
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ffrj.Wt  r*i.  That  it  i%  the  senst  of  the  Avtronomical  Society  of  the  Pacific  that 
ihc  work  of  thc^c  Mation^  i%  of  the  grrjlr^t  imporiancc.  an<l  that  every  eflfort 
»l.'»uUI  be  ma«lc  to  continue  the  station*  in  this  country  even  though  other*  are 
ne<^e**ari|y  closed ; 

Hrsohftl.  That  the  President  and  Secretary  of  Ihi*  Society  be  authorized  and 
instructed  to  present  the  views  of  this  Society  to  the  proper  authoritie«  of  the 
I' tilled  Statra  (Wnrrnment  and  urge  upon  them  the  desirability  of  making  some 
special  provision   for  the  maintenance  of  the  stations  in  thi^  country. 

Adjourned. 


MlMlKS    OF    THK    MkETIN<;    OK    THE    ASTRONOMICAL    S(K  lETY 

OF   THE    Pacific,  at  the  Stidents*    Observatory, 

1>ERKELEV.  ON   XoVEMBER  30.  I9I4.  AT  8  :00  P.  M. 

The  meeting  was  called  to  order  by  Pre-^ident  Crawford. 

()n  motion  of  Dr.  A  .O.  Lfcschnfr,  seconded  by  F.  R.  Zifl,  a  reso- 
lution was  passed.  endor?injf  the  action  of  the  Board  of  Directors  at 
the  mectinK  of  November  2^th.  asking;  the  proper  authorities  of  the 
l*niie<l  States  (iovcrnment  to  make  provision  for  continuing  the  work 
of  the  International  Latitude  Observatories  in  this  country. 

Mr.  Ch^rlks  HiRtKHALTtR,  Director  of  ChalK)t  ()b.scr\atory,  made 
a  few  remarks  relative  to  the  progress  being  made  on  the  work  of  the 
new  telescope  for  his  observator>-.  He  said  that  word  had  l>een  re- 
ccixed  of  the  successful  casting  t)f  the  discs  for  the  lenses  at  Jena,  and 
that  this  removed  the  principal  difficulty  to  be  overcome  in  building 
the  instrument.  He  reported  also  the  selection  of  a  most  desirable  rite 
ior  the  new  observator>'  at  Lcona  Heights.  Itlast  Oakland,  and  expressed 
the  hope  that  within  a  year  he  woi.ld  have  a  comfortably  equipped 
establishment  which  would  be  a  credit  to  the  School  Department  of 
Oakland  and  in  a  p<»sition  to  do  much  for  the  advance  of  astronomical 
knowledge. 

1  he  address  of  the  evening  was  delivered  by  Dr.  Hebfr  D.  Ci'Rtis. 
of  Lick  Observatory*,  whose  subject  was:  "An  Eclipse  Camp  in  War 
Time :  The  Lick  Observatory-Crocker  Expedition  to  Ob^cr>e  the  Total 
Solar  Kclipse  of  August  21.  1914,  in  Brovar>',  Russia." 

As  was  auticip.itccl.  this  'Ubject  proved  to  be  a  mo^t  attractive  one 
to  the  public  and  drew  an  appreciative  audience,  which  hiled  the  lecture- 
room  of  the  Student^*  Cibservatory.  notwithstanding  the  fact  that  the 
first  storm  <»f  the  scast.n  was  howling  outside. 

The  experiences  of  the  eclipse  party  in  Ru'sia.  just  as  the  war  was 
breaking  out.  vnerc  m*»Nt  entertainingly  recited  and  illustrated,  and 
proved.  am<  ng  other  things,  that  Dr.  CiRTis  is  not  only  an  astron(»mer, 
but  a  wit.  a  poet,  a  diplomat  and  many  other  things  which  go  tt»  make 
up  the  itleal  man  for  an  eclipse  expedition. 

.\  vote  nf  tb.inks  was  returned  to  Dr.  Ccrtis  and  then  evcrvUxly 
went  o'  t  into  the  rain. 
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OFFICERS  OF  THE  SOCIETY 

Mr.  R.  T.  Crawford   Presides 
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Mr.  S.  D.  TowNLEY Second  Vice-President 
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